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Title  29 — Labor 

CHAPTER  XVIi— OCCUPATIONAL  SAFETY 
AND  HEALTH  ADMINISTRATION,  DE¬ 
PARTMENT  OF  LABOR 
PART  1910— OCCUPATIONAL  SAFETY 
AND  HEALTH  STANDARDS 

Emergency  Temporary  Standard  for  Occu¬ 
pational  Exposure  to  Benzene;  Notice 
^  Hearing 

AGEINCY;  Occupational  Safety  and 
Health  Administration,  Labor. 

ACTION: Emergency  Temporary  Stand¬ 
ard;  Notice  of  Hearing. 

SUMMARY:  This  emergency  temporary 
standard  (ETS)  is  based  on  the  determi¬ 
nation  that  clinical  and  epldemlc^ogical 
data  crmclusively  establish  that  em¬ 
ployee  exposure  to  benzene  presents  a 
leukemia  hazard.  Therefore,  a  grave 
danger  cxirrently  exists  for  workers  ex¬ 
posed  to  this  cancer  hazard  and  it  is 
necessary  to  issue  an  emergency  tempo¬ 
rary  standard  to  protect  them.  By  this 
ETS  the  Occupational  Safety  and  Health 
Administration  (OSHA)  limits  employee 
exposure  to  benzene  to  1  part  benzene  per 
milHnn  parts  Of  air  (1  ppm) ,  as  an  8  hour 
time- weighted  average  concentration, 
with  a  ccUing  level  of  5  ppm  for  any  15 
minute  period  daring  the  8  hour  day.  In 
addition,  the  ETS  requires  the  measure¬ 
ment  of  employee  exposure,  engineering 
controls,  personal  protective  equipment 
and  clothing,  employee  training,  medical 
surveillance,  work  practices,  and  record¬ 
keeping.  The  ETS  will  be  superseded  by  a 
permanent  standard  within  six  months. 
A  public  hearing  on  the  permanent 
standard  will  commence  July  12,  1977. 

EFFECTIVE  DATE:  May  21,  1977. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Mr.  James  Foster,  OfBce  of  Public  Af¬ 
fairs.  OSHA.  Third  Street  and  Con¬ 
stitution  Avenue,  N.W.,  Room  N-3641, 
Washington,  D.C.  20210  (202-523- 

8151). 

SUPPLEMENTARY  INFORMATION : 

Applicability  op  Emergency  Temporary 
Standard 

The  accompanying  document  is  an 
emergency  temporary  standard  Issued 
pursuant  to  sections  8(c)  and  8(c) 
of  the  Occupational  Safety  and  Health 
Act  of  1970  (the  Act)  (84  Stat.  1996, 
1599;  29  UB.C.  655,  657),  the  Secretary 
of  Labor’s  Order  No.  8-76  (41  FR  2M9f ) 
and  29  CTR  Part  1911.  The  new  stand¬ 
ard,  section  1910.1028,  applies  to  all  m- 
ployments  in  all  industries  covered  by  the 
Act,  including  “geno^  Industry”,  c(m- 
atructlon  and  maritime.  Far  reasons  set 
out  below,  this  standard  does  not  aopiy 
to  retail  automotive  service  statiems  or  to 
operations  which  use  liquid  mixtures 
containing  1  percent  (u*  less  of  benzene; 
however,  these  exempted  (^Derations 
are  still  subject  to  the  requlremoits  con¬ 
tained  In  the  benzene  standard  at  29 
CFR  1910.1000. 

In  addition,  pursuant  to  section  4(b) 
(2)  of  the  Act,  OSHA  has  determined 
that  this  emergency  temporair  standard 
Is  more  effective  than  corresponding 


standards  now  applicable  to  the  mari¬ 
time  and  construction  Industries  and 
currently  contained  in  Subpart  B  of  Part 
1910,  and  Parts  1915, 1916, 1917, 1918  and 
1926  of  Title  29,  Code  of  Federal  Regula¬ 
tions.  Therefore,  those  corresponding 
standards  are  superseded  by  the  new 
standard  in  S  1910.1028. 

Pursuant  to  section  6(c)  (3)  of  the  Act, 
OSHA  will  shortly  commence  a  rulemak¬ 
ing  proceeding  under  section  6(b)  of  the 
Act.  The  anergency  temporary  standard 
will  serve  as  a  proposed  final  rule,  along 
with  other  proposed  requirements  which 
will  be  published  in  the  Federal  Register 
pursuant  to  29  CFR  1911.12.  OSHA  will 
publish  an  additional  proposal  in  the 
very  near  future,  encompassing  those 
areas  of  occupational  safety  and  health 
considered  appropriate  for  the  agency’s 
permanent  regulation  of  benzene.  This 
document  sets  a  public  hearing  on  the 
permanent  benzene  standard  to  begin 
July  12,  1977. 

’The  development  of  a  i>ermanent 
standard  will  be  conducted  pursuant  to 
the  rulemaking  procedures  of  section 
6(d)  of  the  Act.  The  Assistant  Secre¬ 
tary’s  decisions  on  the  provisions  of  the 
final  standard  will  be  based  on  the  entire 
record  developed,  including  public  com¬ 
ments  and  the  Informal  rulemaking 
hearing. 

events  leading  to  the  emergency 

TEMPORARY  STANDARD 

Benzene  has  long  been  recognized  as 
a  toxin  affecting  the  hematopoietic 
(blood  forming)  system,  and  a  cause  and 
effect  relationship  between  benzene  ex¬ 
posure  and  observed  blood  abnoimalities 
has  been  establifficd  for  man  and  ani¬ 
mals  daring  tte  last  75  years.  The  evi¬ 
dence  indlcatliig  a  relationship  between 
benzene  exposure  and  leukemia  has  been 
expaMHng  and  the  international  scien¬ 
tific  community  has  increasingly  ac¬ 
knowledged  that  worker  exposure  to 
benzene  is  associated  with  an  increased 
risk  of  leukemia.  Data  made  available  by 
the  National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  in  the  last 
few  we^  <m  woikers  exposed  to  bmzene 
provide  conclusive  evidence  that  benzene 
is  a  leukemia  causing  agent  and  there¬ 
fore  immediate  action  to  protect  workers 
is  imperative.  (7) 

The  inaaent  OSHA  standard  for  ben- 
mme.  fcand  M  29  C7FR  1910.1000,  Table 
Z-2,  was  adopted  in  1971  under  the  au- 
tHortty  af  aactiaB  8(a>  of  the  Act  from 
flie  American  NSdlcxial  Standards  In¬ 
stitute’s  (ANSI)  Z  37.4-1969  standard. 
That  OSHA  standard  prescribes  an  8- 
hour  time-weighted  average  of  10  ppm 
with  an  acceptable  ceiling  concentration 
of  25  ppaa  la  addition,  the  present 
stemdard  allows  excursions  above  the 
celling  to  a  maximum  peak  concentra¬ 
tion  not  to  exceed  50  i^m:  Provided. 
That  such  exposure  (xxurs  for  no  more 
than  10  minutes  In  any  8-bour  work 
period.  Neither  the  ANSI  standard  nor 
the  resultant  OSHA  standard  were  based 
on  the  posslbto  leukonia  hazard  fixxn 
exposure  to  benzole. 

In  1974,  Aksoy  et  al.  r^rted  that, 
wboi  oonhasted  with  the  general  popu- 
latltxi,  shoe  workers  having  prior  expo¬ 


sure  to  benzene  had  a  significant  In¬ 
creased  incidence  of  leukemia. 

Also  in  1974,  pursuant  to  section  22(d) 
of  the  Act,  the  Director  of  NIOSH  sub¬ 
mitted  to  the  Secretary  of  Labor  a  cri¬ 
teria  document  concerning  occupational 
exposure  to  benzene  which  stated  that 
“the  possibility  that  benzene  can  induce 
leukemia  cannot  be  dismlssed.’’(3)  How¬ 
ever,  NIOSH  recommended  retention  of 
the  present  permissible  exposure  limit  of 
10  ppm  and  ceiling  concentration  of  25 
ppm  as  measured  over  a  10  minute  period 
which  recommendation  was  not  based  on 
benzene’s  potential  leukemia  hazard. 

In  a  letter  to  the  Secretary  of  Labor, 
dated  April  23,  1976,  the  United  Rubber, 
Cork,  Lin<rfeum,  and  Plastic  Workers  of 
America  urged  that  an  emergency  tem¬ 
porary  standard  regulating  occupational 
exposure  to  benzene  be  Issued  (42).  The 
request  was  denied  on  May  18,  1976  by 
then  Secretary  of  Labor  William  J.  Usery 
(43). 

Less  than  1  year  ago,  the  National 
Academy  of  Sciences,  under  contract 
with  the  United  Stat^  Environmental 
Protection  Agency,  reviewed  the  litera¬ 
ture  concerning  health  effects  of  benzene 
exposure.  (4)  The  Academy  concluded 
that  benzene  must  be  considered  as  a 
suspect,  leukemogen. 

In  August  1976,  NIOSH  submitted  to 
OSHA  an  updated  criteria  document 
which  revised  its  earlier  assessment  of 
1974.  (5)  On  the  basis  of  a  review  of  old 
studies  and  new  data,  NIOSH  concluded 
that  benezene  was  leukemogenlc.  This  re¬ 
port  further  pointed  out  that  “it  is  ap¬ 
parent  from  the  literature  that  benzene 
leukemia  continues  to  be  reported.” 
NIOSH,  therefore,  recommended  that, 
since  no  safe  levd  for  benzene  exposure 
could  be  established  "no  worker  be  ex¬ 
posed  to  benzene  In  excess  of  1  ppm  in 
air”.  Fc^lowteg  fRiblicati(xi  of  the  up¬ 
dated  criteria  document,  the  Director  of 
NIOSH  recommended  to  the  Assistant 
Secretary  of  Labor,  by  letter  dated  Octo¬ 
ber  27,  1976,  that  OSHA  publish  an 
emergmey  temporary  standard  for  ben¬ 
zene  establishing  the  exposure  level  at  1 
pixn.  (6)  Bgsed  on  the  Infonnaticm  sup¬ 
plied  by  NIOSH,  OSHA  issued  on  Janu- 
oary  4,  1977  volimtary  “Ouldelines  for 
Control  of  Occupational  Exposure  to 
Benzene.”  recommending  that  exposure 
to  benzene  in  air  not  exceed  an  8-hour 
time-wri^ted  average  of  1  ppm  in  any 
8-hour  shift  of  a  40  hour  week.  (44) 

In  Jannary  1977,  NIOSH  Informed 
OSHA  that  workplace  environments  had 
been  found  in  St.  Mary’s  and  Akron.  Ohio 
where  a  amStekemL  number  of  employees 
had  bam  txpaarii  to  benzene  for  a  num¬ 
ber  of  ycaaa  to  fiBcffltate  an  epidmiiologi- 
cal  study  at  health  risks.  (45)  The  work¬ 
site  was  a  Pli(rfllm  manufacturing  idant 
owittd  by  0(x>dyear  Tire  and  Rubber 
CTompany.  The  preliminary  conclusions  of 
the  ei^emlcdoglcal  study  NIOSH  con- 
dacted'  (ff  the  pliofilm  workers  were 
transmitted  to  OSHA  on  April  IS.  1977. 
(7)  The  NIOSH  data  demonstrated  an 
tneidmea  at  leukemia  In  workers  exposed 
toferoamethat  was  at  least  five  times  the 
expected  tocidcMa.  NIOSH  c<mcluded 
that: 
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The  report  shows  s  ststtsttcsUy  algnlflont 
increase  in  the  risk  for  deeetoplnc  mysloc- 
enous  leukemia  among  wockem  exposed  to 
benzene.  We  hope  this  new  Information  will 
be  of  assistance  to  you  In  reaching  a  deci¬ 
sion  on  the  nusst  appropriate  regxilatory 
action. 

In  his  letter  of  April  15.  1977,  trans¬ 
mitting  the  r^x>rt  on  the  Goodyear  Plio¬ 
film  plant,  the  Director  of  NIOSH  again 
urged  that  an  emergency  standard  be 
issued. 

RE.ASONS  FOR  ISSUANCS  OF  AN  EUERGENCT 
TEKPORART  STANDARD 

The  Assistant  Secretary  finds  that  ex¬ 
posure  to  benzene  poses  a  grave  danger  to 
humans.  Specifically,  human  exposure  to 
benzene  can  induce  chromosomal  aberra¬ 
tions.  bone  marrow  damage  and  destruc¬ 
tion,  and  other  blood  dyscraslas.  More¬ 
over,  the  accumulated  studies  strongly 
support  the  ccmclusion  that  benzene 
causes  leukemia  in  humans.  The  data 
collected  Iv  N106H  and  made  available 
during  the  past  few  weeks  show  that 
workers  exposed  to  benzene  in  an  Ohio 
Pliofilm  plant  have  contracted  leukemia 
at  a  rate  at  least  five  times  the  rate  ex¬ 
pected  in  the  general  population.  Because 
of  the  conservative  statistical  approach 
to  evaluating  these  prdlmtnary  data, 
final  results  of  this  study  will  certainly 
show  that  the  Increased  risk  of  develop¬ 
ing  leukemia  from  exposure  to  benzene 
is  even  greater  than  five  times  the  nor¬ 
mal  incidence  of  this  disease.  This  new 
evidoice  has  been  interpreted  by  NIOSH, 
and  is  found  by  OSHA,  to  conclusively 
establish  that  benzene  causes  leukemia 
in  hiunans.  Ihis  conclusion  is  supported 
by  the  substantial  body  of  clinfc^l  and 
epidemiological  evidence  previously  vall- 
epidemiologlcal  evidence  previously 
available  vdiich  suggested  the  same  cas¬ 
ual  reiatloDshlp  between  benzene  ex¬ 
posure  and  leukemia.  In  view  of  the  new 
evidence  the  relationship  can  no  longer 
be  subject  to  serious  question. 

Tnie  Assistant  Secretary  ccmcludes, 
based  on  a  review  of  the  latest  NI06H 
study  and  recommendations  together 
with  the  epidemiological  and  clinical 
studies  and  other  scientific  data,  that 
benzene  exposure  subjects  workers  to  the 
risk  of  cfmtracting  leukemia,  a  malig¬ 
nant  and  irreversiUe  disease.  The  best 
available  scientific  evldoice  Indicates 
that  no  safe  level  for  exposure  to  a  car¬ 
cinogen,  including  benzene,  can  be  es¬ 
tablished  or  assumed  to  exist.  OSHA  has 
considered  this  quesUon  of  a  safe  level 
in  previous  rulemaking  ivoceedings  (see 
ineambles  to  carcinogen  standards  (39 
FR  3758) ,  vinyl  chloride  standard  (39  FR 
35892),  and  ccdre  oven  emissions  stand¬ 
ard  (41  FR  46742))  and  has  relied  on 
that  considerable  body  ot  scientific  (g>in- 
lon  holding  that,  when  dealing  with  a 
carcinogen,  no  safe  level  exists  for  any 
given  population.  Fot  example,  the  Na¬ 
tional  Canctt  Institute’s  Ad  Hoc  Com¬ 
mittee  on  the  Evaluation  of  Dow  Levelf 
of  Bnvlronmpntal  Chemical  Carcinogens 
(in*)  states: 

No  level  of  eipoenre  to  a  dwmlcai  eerelB- 
ogen  sliotM  be  eonMHwd  tosleolegleally  tn- 
■Igwttlcent  for  mtm.  For  cefclnogenlc  egvnts, 


a  ~eato  levrt  for  man”  cannot  be  eetabCMwtf 
by  appHeatlan  ot  tmr  present  knowtedge. 
(NCI,  ino,  p.  1) 

And  NIOSH  has  taken  the  position 
that  in  regulating  cancer-causing  sub¬ 
stances  “•  •  •  it  is  not  possible  at  pres¬ 
ent  to  determine  a  safe  «cposure  level 
for  carcinogens.”  (Rev.  Arsenic  Crit. 
Doc.  1975.) 

Since  leukemia  is  a  form  of  cancer  and 
exposures  generally  bdow  25  iHxn  have 
already  Induced  leukemia,  it  is  not  cur- 
rmtly  possible  to  determine  whether  a 
safe  level  of  exposure  exists  for  worker 
populations  exposed  to  benzene.  There¬ 
fore.  the  Assistant  Secretary  has  deter¬ 
mined  that  exposure  must  be  reduced  to 
the  lowest  feasible  level. 

Furthermore,  during  the  period  of 
time  for  normal  rulemaking,  workers 
would  continue  to  be  exposed  to  levels 
higher  than  those  that  may  be  achieved 
by  this  ETS. 

In  conclusion,  the  Assistant  Secretary 
determines  that  exposure  of  emi^oyees 
to  a  cancer-causing  substance  in  the 
workplace  environment  is  a  “grave  dan¬ 
ger”  within  the  meaning  of  section  6(c) 
(1)(A)  of  the  Act.  The  proposition  that 
cancer,  and  substances  that  cause  can¬ 
cer,  pose  a  grave  danger  to  man  does  not 
need  lengthy  discussion.  The  nature  of 
a  cancer  hazard  differs  from  other  types 
of  toxicity.  Emplosrees  exposed  to  carcin¬ 
ogens  risk  incura^,  irreversible  and,  in 
most  cases,  fatal  consequences.  These 
c(msequences  may  be  irreversibly  set  in 
time.  No  symptomatic  evidence  the 
development  of  the  cancer  may  be  ap¬ 
parent  to  the  employee  during  a  long 
latency  period.  A  single  exposure  episode 
may  be  sufficient  to  cause  cancer.  These 
factors,  which  establish  the  grave  danger 
posed  by  exposure  to  carcinogens,  also 
lead  inexorably  to  the  conclusion  that  it 
is  necessary  to  provide  immediate  pro- 
tectkm  for  emplaces  throush  the  issu¬ 
ance  (rf  an  emergency  tempMtury  stand¬ 
ard,  within  the  meaxiing  of  sectkm  6(c) 
(1)(B)  of  the  Act. 

The  existing  10  iH>m  standard,  adopted 
from  the  ANSI  national  consensus 
standard,  was  baaed  larg^  on  b^izene’s 
general  toxicity  rather  than  on  the  leu¬ 
kemia  hazard  and.  therefore,  does  not, 
within  the  meaning  sectlmi  6(b)  (8) 
of  the  Act,  provide  the  protection  now 
shown  to  be  necessary.  The  Assistant 
Secretary  finds  that  this  emergency  tem- 
ponrj  standard  better  ectuates  the 
purposes  of  the  Act  than  the  National 
consensus  standard. 

BACKGROUND  AND  DISCUSSION  OF  EARLIER 
DATA 

Benzene  (C6H8)  Is  a  clear,  colorless, 
non-corrosive,  highly  flammable  liquid 
with  a  strong,  rather  pleasant  odor.  Ben¬ 
zene’s  low  boiling  point  and  high  vapor 
pressure  cause  it  to  evaporate  rapidly 
unda*  ordinary  atmospheric  conditions, 
giving  off  vapors  nearly  three  times 
heavier  than  air. 

Benzene  is  produced  primarily  by  the 
petro<dicmlfiail  and  petrolemn  refining  in- 
dnstrieB  by  the  procesB  called  catalytie 
reformation,  which  eonverts  certain 
lower  octane  hydrocarboos  into  hliher 


octane  aromatics.  The  two  industries  are 
responsible  for  94  percent  of  the  total 
UB.  production  ot  benzene.  Recovery 
throu^  catalsrtic  reformation,  tneludtng 
the  bmzene  formed  from  the  hydrodeal¬ 
kylation  of  toluene,  accounts  for  almost 
80  percent  of  the  total  quantity  produced. 
Recovery  of  coal-derived  benzene,  pri¬ 
marily  as  a  by-product  of  the  coking 
process  in  steel  mills,  was  once  the  major 
source  of  benzene.  Today,  however.  It 
accounts  for  only  6  percent  of  the  total 
UB.  production. 

The  production  of  benzene  is  rapidly 
expanding  with  approximately  11  bilUon 
pounds  produced  in  1976.  Only  elevtt 
other  chemicals  and  only  one  other  hy¬ 
drocarbon  (ethylene)  are  iM^uced  in 
greater  tonnage  in  the  UB.  Approxi¬ 
mate  86  percent  of  this  benzene  is  used 
chieflly  as  an  intermediate  in  the  produc¬ 
tion  of  other  organic  chemicals,  includ¬ 
ing  stymie,  phenol,  and  cyclohexane. 
The  remaining  amount  is  used  iximarlly 
in  the  manufacture  of  detergents,  pesti¬ 
cides,  solvents  and  paint  removers.  Bcn- 
tioie  is  also  present  as  a  component  of 
motor  fuels,  averaging  less  than  2  per¬ 
cent  in  gasoline. 

’The  first  majm*  industrial  use  of  ben¬ 
zene.  however,  was  as  a  solvent  in  the 
rubber  Indus^  Jmt  preceding  World 
War  I.  During  World  War  1.  benaene 
production  was  stimulated  greatly  by  the 
demand  for  and  resulting  production  of 
tiduene  in  the  manufacture  of  explosives. 
Ibe  large  quantities  of  benzene  which 
were  iM'oduced  resulted  in  its  more  wide¬ 
spread  use  as  a  starting  point  for  the 
manufacture  of  various  organic  com- 
pxNmds.  This  situation  led  to  greatly  in¬ 
creased  uses  of  benaene  as  a  stAvcnt  in 
the  artificial  leather,  rubber  goods,  and 
rotogravure  Industrie  and  as  a  start¬ 
ing  material  in  organic  synthesis. 

Industries  and  processes  currently 
using  benzene  include  the  chemical, 
printing,  lithograph,  rubber  cements, 
rubber  fabricating,  paint,  varnish,  stain 
removers,  adhesives,  and  petroleum  in¬ 
dustries.  Boszene  is  also  used  exteneively 
in  chemical  laboratories  as  a  aolvoit  and 
as  a  reactant  in  numerous  chemical  ap¬ 
plications.  Where  baizoie  is  iNroduced 
and  used  to  large  amounts,  it  is  geniNally 
used  in  enclosed  systems,  although  ex¬ 
posures  can  occur  during  liquid  transfer 
optfations,  from  equipm^t  leakage  and 
carryover  losses,  and  in  maintenance  op¬ 
erations. 

A.  Toxic  effects.  Benaene  has  been  rec¬ 
ognized  as  a  tozle  substance  capable  of 
causing  acute  or  chronic  sets  since 
1900.  Inhalation  is  the  primary  route  of 
entry  of  benzene  in  the  worker. 
diffuses  rapidly  through  the  lungs  and  is 
quickly  absorbed  into  the  blood.  The  rate 
of  absorption  is  greatest  during  the  first 
five  minutes  and  thereafter  declines  sig¬ 
nificantly.  Benzene  saturation  of  the  cir¬ 
culating  Mood  may  reach  as  high  as  70- 
80  percent  of  the  air  content  of  benaene 
within  the  first  30  minutes.  Relatively 
complete  saturatkai  of  the  blood  may  not 
be  attained  for  two  to  three  days. 

Tbouito  the  avatlable  literature  sug- 
gmti  that  benaene  is  not  readily  abaorbed 
throng  tile  human  skin,  appreciable 
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quantities  of  benzene  could  be  abecHrbed 
In  the  case  of  Injured  skin.  Moreover. 
ab6(»ptk>n  of  benzaie  by  the  skin  may  be 
significantly  accelerated  when  benzene  Is 
present  In  a  mixture  or  as  a  contaminant 
In  st^vents  known  to  be  readily  absorbed, 
such  as  tolurae  and  xylene.  (48) 

The  benzene  absorbed  by  the  circu¬ 
lating  bl(K>d  Is  distributed  throughout  the 
body  where,  because  of  Its  UposolublUty, 
it  trads  to  accumulate  In  various  body 
organs  In  proportion  to  their  fat  content. 

np(m  r»noval  frcan  benzene  exposure, 
the  concentration  of  benzene  in  the  ex¬ 
pired  breath  follows  an  exponential  de¬ 
cay  cimre,  reflecting  removal  of  benzene 
frcxn  various  body  compartments.  Eliml- 
natlcm  via  this  route  has  been  estimated 
to  range  from  12  to  50  percent  of  the  total 
amount  of  benzene  absorbed  in  humans. 

A  fraction  of  the  absorbed  benzene  Is 
eliminated  in  an  imchanged  form,  pri¬ 
marily  In  the  expired  air  and,  to  a  mini¬ 
mal  extent.  In  the  urine.  The  remainder 
of  the  absorbed  benzene  Is  metabolized  by 
enzymes  contained  In  the  liver  and  ulti¬ 
mately  to  derivatives  which  are  more  wa¬ 
ter  soluble  thereby  facilitating  thcdr 
ronoval  by  the  kidneys.  A  flrst  interme¬ 
diate  In  the  biotransformation  of  bm- 
zene  is  believed  to  be  benzene  epoxide,  a 
highly  reactive  Intermediate  and  one  of 
several  candidates  suggested  as  the  ac¬ 
tive  agent  responsible  for  benzene’s  mye¬ 
lotoxic  effects.  Ph«iol,  and  to  a  lesser 
extent,  hydroqulnone,  pyrcatechol,  and 
lAenyl-mercapturlc  acid  are  the  primary 
metabolites  of  benzene  found  In  urine. 

B.  Acute  etfects.  Exposures  to  high 
concoitratlons  of  benzene  produce  an  al¬ 
most  immediate  effect  upon  the  central 
nervous  system.  Benzene  concentraticms 
of  about  20,000  ppm  are  fatal  within 
minutes,  with  death  occurring  from 
acute  circulatory  failure  or  coma,  with  or 
without  convulslcms.  Milder  exposures 
I»x>duce  a  period  of  nervous  excltatlcm, 
euphoria,  headache  and  nausea,  followed 
by  a  period  of  depression  which  can  re¬ 
sult  In  cardlovasciilar  coUapse  and/or  im- 
consclousness.  The  occurrence  of  non¬ 
specific  nervous  dlsturbcmce  as  an  after¬ 
effect  of  acute  exposures  Is  d^iendent  <m 
duration  of  unconsciousness  and/cn* 
severity  of  circulatory  failure.  Breath¬ 
lessness,  nervous  irritability,  and  un¬ 
steadiness  in  walking  have  been  observed 
to  persist  for  a  period  of  several  wedcs. 
Inhalation  of  still  lower  ccmcentratlcms 
(250-600  ppm)  yields  signs  and  symp¬ 
toms  of  mild  poisoning,  characterize  by 
vertigo,  drowdness,  headache,  and  nau¬ 
sea.  Ri^ld  recovery  from  these  symptoms 
usueiy  occurs  following  cessatkm  of 
exposure. 

Direct  contact  with  the  liquid  may 
cause  erythema  and  blistering.  Prolonge 
or  repeated  skin  contact,  even  with  small 
quantities  of  benzene,  has  been  associ¬ 
ated  with  the  develwment  of  a  dry, 
scaly  dermatitis  or  with  secondary  In¬ 
fections. 

C.  Chronic  effects.  Benzene  exerts  a 
primary  toxic  dfect  In  the  bone  marrow, 
the  major  blood  forming  organ.  Lcmg- 
term  exposures  to  lam  concentrations  of 
benzene  have  been  Observed  to  have  an 
initial  stimulatory  eflSet  on  the  Mood- 


forming  tlssuee  (bone  marrow)  followed 
by  aplasia  (no  odl  productkm)  and  fatty 
degeneration.  Clhilcally  an  Initial  In¬ 
crease,  then  decrease.  In  the  red  blood 
cells,  white  blcxxi  edls,  or  platelets.  Is 
seen,  with  progression  if  exposures  are 
ccmtinued,  to  aplastic  anemia  (lack  of 
functioning  of  bone  marrow),  leucope- 
nla  (decrease  In  leucocytes  which  are 
white  bkxxl  cells) ,  thrcunbocytopenia 
(decrease  In  platelets),  or  panc3iopenia 
(decrease  in  all  cells  In  the  p^pheral 
blood) .  Secondary  effects  of  thnnnbocy- 
topoiia  include  coagulation  disturbances, 
characterized  by  Increased  bleeding  time, 
poor  clot  retraction,  and  increased  sus- 
ceptibili^  to  hemorrhaging.  This  clinical 
pictiu'e  of  (Tronic  benzene  poisoning  may 
exist  with  or  without  the  physical  signs 
or  symptoms  of  fatigue,  vertigo,  head¬ 
ache  or  excessive  bleeding. 

The  following  studies  are  representa¬ 
tive.  although  by  no  means  all  inclusive, 
of  the  published  literature  cm  the  chronic 
effects  In  humans  of  benzene  exposure. 
These  studies  do  however  illustrate  the 
diversity  and  variability  of  effects  which 
dominate  the  literatiu^e  on  chronic  ben¬ 
zene  exposure. 

1.  Blood  dyscrasias.  Oreenburg  and 
coworkers’  investigation  in  1939  of  332 
pressmen  in  three  rotogravure  printing 
Mants  was  one  of  the  earliest,  compre¬ 
hensive  studies  of  benzene  poiiionlng.(8) 
In  addition  to  Miysical  examinations,  in¬ 
cluding  medical  and  occupational  histo¬ 
ries  and  laboratory  tests,  workplace  air 
samples  and  ch^ical  ansilysis  of  ink  sol¬ 
vents  and  thinners  were  performed  in  an 
attempt  to  provide  a  correlati<m  with 
medicid  findings.  Air  samples  (48)  re¬ 
vealed  benzene  concentrations  ranging 
from  11  nxn  to  1060  ppm  for  3  plants. 

Five  woiicers  with  the  most  severe 
benzene  imisoning  expressed  no  subjec¬ 
tive  (xxnidalnts  and  physical  examina¬ 
tion  revealed  negative  findings.  The  signs 
of  “poiscMilng”  Included  a  reduction  in 
the  number  of  erythrocytes,  leucocytes 
and  platMets. 

Oreenburg  stated  that:  “These  find¬ 
ings  Illustrate  the  well-known  fact  that 
the  effects  oi  b«izene  may  be  persistent 
and  also  suggest  that  even  bef<H«  blood 
changes  are  appcuvnt,  processes  may 
have  been  initiate  that  continue  to 
develfv  even  Mter  exposure  to  b^izene 
has  ceased.’’  Hie  authors  also  reported 
that  Individuals  varied  greatly  in  sus- 
c^tlbility  although  data  on  personal 
mcmltoring  were  not  available. 

In  the  same  year,  Mallory  et  al.  re¬ 
plied  post-mortem  findings  in  19  case 
studies  of  workoe  with  a  history  oi 
chronic  exposure  to  benzene.(9)  Expo¬ 
sures  varied  from  6  months  to  12  years, 
but  no  exposure  levels  were  avail¬ 
able.  The  authors  indicated  that  sig¬ 
nificant  changes  were  found  regu¬ 
larly  throuflhcnit  the  entire  hemato¬ 
poietic  system  including  bone  marrow, 
liver,  spleen  and  lymph  nodes.  Of 
the  19  case  studies,  six  exhibited  hy- 
P(H>lasia  of  the  bcme  marrow  (decreased 
bone  marrow  function),  whereas  nine 
cases  showed  hyperMasia  (ovefactlvlty 
of  the  bone  marrow),  and  two  were  di¬ 
agnosed  as  leukemia.  The  authors  con¬ 


cluded  that  exposure  to  benzene  under 
varying  oondlticms  produced  diverse  re- 
acUcMis  and  that  Individual  variation 
was  of  great  Importance. 

In  1948,  Hardy  and  Skins  investigated 
an  artificial  leather  plant  In  Massachu¬ 
setts  in  which  a  man  ^o  had  been  on- 
ployed  as  a  coating  machine  operator  for 
12  years  died  of  what  was  diagnosed  as 
benzene  poisoning.  (10)  The  subject  had 
worked  as  a  coating  machine  (H>erator  in 
other  locations  for  18  years.  Fifty-two 
workers  were  still  employed  in  the 
leather  plant.  Benzene  concentrations 
ranged  from  40  to  80  iH>m  with  an  aver¬ 
age  c(Hicentrati(Hi  of  60  ppm.  Blood  stud¬ 
ies,  po^ormed  upon  all  52  employees, 
showed  atmormalities  in  more  than  one 
blood  CMnponent  in  sixteen  of  the  em¬ 
ployees.  Abnormalities  were  observed  in 
hemoglobin,  BBC,  and  WBC  counts. 
There  was  a  wide  variation  among  sub¬ 
jects  as  to  the  particular  component  af¬ 
fected.  Six  of  the  16  employees  with 
blood  abnormalities  worked  In  the  same 
coating  room  as  the  deceased  man.  De¬ 
spite  this  evidence  of  Mood  abnormali¬ 
ties  fn»n  the  laboratory  tests,  none  of 
the  physical  examinations  revved  any 
clinical  signs  or  symptoms  of  overexpo¬ 
sure  to  benzole. 

In  an  epidemiological  investigation, 
Aksoy  et  al  compared  the  hematological 
findings  of  100  healthy  male  subjects 
(controls)  with  those  oi  217  apparently 
healthy  males,  95  percent  of  whom 
worked  with  solvents  containing  ben¬ 
zene  in  small  shoe  sh(q>s.  (11)  The  shops 
were  considered  unhygienic  and  poorly 
ventilated.  The  c(mcentration  of  benzene 
in  the  working  envlruiment  ranged  from 

15  to  30  ppm  during  non-working  hours 
to  210  ppm  when  adhesives  ccmtalnlng 
benzene  were  being  used.  ’Ihe  duratkm 
of  employee  exposures  ranged  from  3 
months  to  17  years,  m  51  (23.5  percent) 
of  the  217  emMoirees,  hematological  ab¬ 
normalities  were  found  ccmsisting  of 
leuc(H>enla  (9.7  percent),  thrombocyto¬ 
penia  (1.84  perorat),  leucopenla  asso¬ 
ciated  with  thromobocsrtopenla  (4.6  per¬ 
cent)  and  pancytopenia  (2.7  percent). 
In  addition,  relative  to  controls,  benzene- 
exposed  workers  demonstrated  a  signifi¬ 
cant  reduction  In  mean  white  cell  counts 
and  mean  platelet  counts.  The  propor¬ 
tion  of  benzene-exposed  wcukers  diag¬ 
nosed  with  anemia  was  Increased  when 
compared  to  c(»trols;  however  the  pres¬ 
ence  of  litm-deficlency  an«nia  could  not 
be  ruled  out. 

In  French  survey  of  45  fatal  cases  oi 
benzene  Induced  diseases  of  the  blood, 
covering  the  years  1947  to  1962,  23  were 
diagnosed  as  leukemia  and  22  were  at¬ 
tributed  to  aplastic  anemia.  Of  the  latter 
cases,  one  ps^Uent  was  afflicted  after  (mly 
2  years  exposure  to  benzene  with  the  re¬ 
mainder  having  an  average  exposure  of 

16  years.  (13)  The  authors  also  reported 
that  In  the  cases  of  Mdastlc  anemia,  the 
evolutl(m  oi  the  Illness. was  lengthy.  A 
similar  observation  was  also  reported  by 
Vlgllanl  and  Fotnl  (1969) .  (14)  Of  32  fa¬ 
tal  cases  of  chronic  benzene  poisoning 
seen  In  the  provlnoes  of  Milan  and  Pavla, 
18  were  due  to  leukemia  and  14  doe  to  ap¬ 
lastic  anemia.  Tliese  authors  noted  Chat 
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aplastic  anemia  usually  oecurs  Ih  lia- 
tients  while  they  are  sUn  belnff  cxpoMd 
to  hi^  concentrationB  of  benaene.  m  a 
later  stady,  VigUanl  reported  that 
amonv  59  am  flying  woikera  with  ben- 
sene-related  aplastle  anemia,  11  later 
died  from  acute  leukemia.  The  author 
also  reported  that  he  had  knowledge  oi 
at  least  150  caaes  of  leukemia  attributed 
to  boiaene  In  Italy  alone.  (49) 

Pancyt(H)enla  has  been  equated  with 
aplastic  anemia,  although  strictly  (Mined 
aplastic  anemia  is  characterised  by  pan¬ 
cytopenia  and  accompanied  by  a  fatty 
displa(;ement  of  the  Ixme  marrow,  m 
1976,  Vigliani  and  Fomi  stated; 

In  the  pMt  two  decades,  the  case  records 
of  patients  with  acute  ov  subacute  Isukemla. 
usualy  with  leiikopenla  at  some  state  of  the 
lUneas,  have  become  so  numerous  tbat  they 
exceed  those  of  acute  pancytopenia.  This 
finding  led  us  to  8u^>ect  that  many  cases 
that  ware  considered  as  acute  pancytopenia 
in  the  past,  prior  to  the  Introductkm  of  bone 
marrow  biopsy,  may  in  fact  hare  been  ex¬ 
amples  of  acute  bemooytoblastlc  leukemia 
leucopenlo  and  aleukemic,  or  with  few  ml- 
crohemocytoblasts  In  the  circulating  blood, 
possibly  mistaken  for  lymphocytes.  (15) 

Unsuccessful  at  inducing  chronic  poi¬ 
soning  through  inhalation  of  vapors, 
5=)eiiinga  in  1916  produced  leukopenia  in 
rabbits  through  subcutaneous  injections 
of  commercially  pure  benzol  with  olive 
(AL  (12)  Selling’s  findings  demonstrated 
a  (Kmstant,  well  defined  aplasia  of  the 
bone  marrow,  characterized  by  the  com¬ 
plete  disaiwecuanoe  of  leukocytes  in  the 
pertphn'al  blood.  He  noted  that  although 
both  the  myeloid  and  lymphoid  tissues 
are  vulnerable,  that  mydoid  tissue  is  in¬ 
jured  to  a  greater  extent. 

Deichman  et  al  (1963)  published  re¬ 
sults  ot  studies  whk^h  also  in¬ 

dicated  the  great  toxicity  of  benzene  va¬ 
pors  for  hematcwoietic  tissue.  (16)  Eight 
groups  of  rats,  consisting  of  40  animals 
per  group,  were  exposed  to  boizene  va¬ 
pors  at  average  concentrations  of  831. 
66,  61.  47.  44.  31.  29,  and  15  ppm  respec¬ 
tively.  The  duration  of  exposure  was  for 
5  hours  per  day,  4  days  per  week,  for 
periods  ranging  from  5  wedcs  to  7 
months.  Exposures  to  the  three  highest 
concentrations  resulted  in  a  significant 
leukopenia  after  14  weeks.  A  modmite, 
but  definite,  leukopenia  occurred  in  the 
rats  exposed  to  47  and  44  ppm  after  5 
to  8  weeks  ot  exposure.  Exposures  to 
three  lowest  benzoie  concentrations  for 
periods  of  4,  8,  and  7  months,  respec¬ 
tively,  induct  no  demonstrable  changes 
in  the  numbers  of  leucoytes. 

2.  Chromosomal  aberrations.  'Hie  de¬ 
velopment  of  various  chromosomal  aber¬ 
rations  in  peripheral  leuktwytes  and  bone 
marrow  cells  has  also  been  attributed  to 
benzene  exposures.  Several  investiga¬ 
tors  chEuacteiized  these  aberrations  as 
both  unstable  chromosome  changes  (Le. 
including  fragments,  dicentric,  trteentrlc 
and  ring  chromosomes)  or  stable  chro¬ 
mosomal  changes  (l.e.  deletions,  trans¬ 
locations,  inversions,  and  trisomies). 
'These  t3rpes  of  chromosomal  aberrations 
also  occur  as  the  result  of  exposure  to 
ionizing  radlatlcm.  which  is  known  to 
Induce  leukemia. 


Increases  in  (diromosomal  aberrations 
in  subjeets  suffering  from  benzene  hemo- 
pathy  were  investigated  by  Polllnl  and 
C»lambl  and  by  Forol  and  Moreo.  (17), 
(18). (19) 

Fomi  et  aL  examined  chromosomal 
changes  and  their  evolution  in  25  indi¬ 
viduals  adK>  had  suffered  bone  marrow 
impairment  of  varying  severity.  1-18 
years  previously,  as  a  result  of  exposure 
to  benzene.  (20)  Hematologle  examlna- 
Ucms  performed  at  the  time  ot  the  cyto¬ 
genetic  study,  but  subsequent  to  cessa¬ 
tion  of  exposure  and  recovery  from  bm- 
zene  liem(H>athy,  Indicated  normal  blood 
values.  However,  both  stable  and  un¬ 
stable  chromosomal  changes  were  still 
present.  The  authors  noted  that  "This 
finding  (persistence  of  chromosomal 
aberrations)  is  similar  to  that  reported 
in  individuals  with  past  exposure  to  km* 
izlng  radiations,  both  therapeutic  and 
accidental,  and  suggests  that  long-lived 
lymphocytes  might  maintain  chromo¬ 
some  damage  even  for  years”. 

Chromosomal  changes  in  individuals 
either  no  longer  exposed  to  benzene,  or 
exposed  intermittently  to  low  levels,  and 
who  show  no  heraotological  disorders, 
have  also  been  investigated.  After  ex¬ 
amination  oi  three  groups  of  factory  em¬ 
ployees  who  dlsplaired  no  toxic  ssrmp- 
toms.  Tough  et  al  reported  that  two  of 
these  groups  expc»ed  (m  the  average  of 
8  and  15  years,  respectively,  to  similar 
working  environments  containing  be¬ 
tween  25  to  150  ppm  benzene,  showed  a 
significant  increase  of  structural  chro¬ 
mosomal  aberrations  in  lymphocytes 
over  the  general  population.  (21)  The 
third  group  of  worko^  from  a  different 
kind  at  fackury  and  exposed  to  approxi- 
maMy  12  ppm  for  an  average  of  13  years 
showed  a  frequency  ot  chromosome  ab- 
errati<xis  not  significantly  different  from 
those  found  in  the  general  p<«>alatlon. 
Tough  et  al  suggested  that  their  find¬ 
ings  may  indicate  that  an  Interiday  be¬ 
tween  the  age  of  workers  and  exposure 
to  benzene  is  resptmslble  for  the  observed 
effects. 

Induction  of  chromosomal  damage  in 
rabbit  lymphocytes  by  subcutaneous  in¬ 
jection  of  benzene  has  been  reported  by 
Kissling  and  I^Mck.  (22)  During  the 
phase  of  po'ipheral  pancytopenia  the 
frequency  of  mitotic  figures  showing  ab¬ 
errations  (mostly  gaps  and  breaks)  in¬ 
creased  from  an  initial  value  c»f  6  per¬ 
cent  to  58  percent  after  an  average  ol  18 
weeks.  Two  months  later,  after  the  dis¬ 
continuance  of  benzene  treatment,  visible 
chromosomal  damage  was  still  observed 
in  36  percent  of  the  mitotic  cells.  Also 
Philip  and  Jensen  in  a  preliminary  report 
(iesuinstratcd  that  a  s^le  subcutaneous 
injection  at  benzene  (dose:  2.0  ml  boi- 
sene/kg  bcxiy  weight)  administered  to 
rats  is  capaUe  of  Increasing  the  fraction 
of  marrow  cdls  which  exhibit  chrtxno- 
somal  abnormaHtleB.(23) 

3.  Leukemia.  As  pointed  out,  benzene 
presents  a  oon^derable  range  of  health 
risks  to  the  working  population.  These 
inelode  the  threat  of  developing  a  form 
of  catncar  known  ae  leukemia,  a  fatal  and 
irreversible  disease.  Robbins  defines  leu¬ 
kemia  by  stating: 
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Leukemia  may  beet  be  conaklered  as  a  im»- 
plaaea  (cancer)  ot  ttw  wblte  blood  oelte  and 
U  BO  classified  In  the  ‘mternatlonal  Usts  at 
Causea  ot  Death.”  It  la  characterised  ehlefiy 
by:  the  appearance  of  ahnormaL  Immatura 
white  cells  In  the  circulating  blood;  dUTiiee 
and  almost  total  replacement  of  the  bone 
marrow  with  the  leukemic  cells;  and  wide¬ 
spread  InfilWatee  of  the  llrer,  spleen  and 
other  ttasues,  analogous  to  metaetattc  disem- 
Inatlon  of  solid  tissue  cancer.  (34) 

The  recent  epidemiolo^lcsJ  study  of 
Infante  et  aL.  (51)  demonstrating  alive- 
fold  increased  risk  of  total  leukemia  and 
a  ten-fold  increased  risk  of  mylomonocy- 
tic  leukemia  among  Pliofilm  workers  ex¬ 
posed  to  benzene,  is  supported  by  numer¬ 
ous  case  reports  in  the  .scientific  and 
medical  literature  over  the  past  several 
years  concerning  benzene  related  leu¬ 
kemia,  predominantly  of  the  mylogenous 
type. 

At  the  outset  it  should  be  noted  that, 
prior  to  the  develofxnent  of  the  Infante 
et  al.  data  conclusively  showing  the  link¬ 
age  between  benzene  exposure  and  the 
development  of  fatal  leukemia  In  work¬ 
ers,  many  had  argued  that  any  substance 
capable  of  inducing  bone  marrow  depres¬ 
sion  or  other  blend  abnormalities  should 
be  treated  as  a  potential  leukonogen. 
For  example.  Cronklte  stated  over  twenty 
years  ago  that: 

The  heart  of  the  problem  In  tbe  Induction 
of  leukemia  by  Industrial  haaarda  rests  upon 
quantitation  of  the  agent  and  the  yield  of 
leukemia.  Two  agents  used  In  Industry  have 
been  correlated  with  an  Increased  Incidence 
of  leukemia  In  human  beings.  The  first.  Ion¬ 
izing  radiation.  Is  unquestionably  able  to  In¬ 
crease  the  Incidence  of  leukemia.  The  second 
agent,  bensol.  probably  can  produce  an  In¬ 
creased  incidence  of  leukemia,  but  the  data 
are  not  as  good  as  for  the  former.  Pint,  the 
finger  of  suspicion  must  be  pointed  at  any 
agent  which  is  able  to  produce  an  aplasia  of 
the  bone  marrow,  assuming  it  will  probably 
be  able  to  produce  leukemia  also.  Second, 
there  Is  no  reason  to  dosibt  that  any  agent 
which  wlU  produce  a  cancer  elsewhere  In  the 
body  wlU  not  be  able  to  pixxhice  leukemia  If 
the  offending  agent  !a  transported  to  the 
heuK^letlo  tissues.  (36)  ' 

And,  as  the  National  Academy  of  S(i- 
ences  pointed  out  in  its  report  of  Jime 
1976: 

Benzene  fits  In  the  former  category  be¬ 
cause  it  Is  well  documented  that  it  produces 
aplasia  of  the  bone  marrow.  (4) 

And  as  Williams  et  aL  notes: 

Any  chemical  capaMe  of  producing  myelo¬ 
toxicity  must  be  regerded  as  a  potential 
leukemogen.  if  the  findings  In  radlatkm — In¬ 
duced  leukemia  apply  which  Indleato  that 
cell  damage  with  depreaaion  of  manow  func¬ 
tion  may  produce  alterations  leading  to  the 
transfonnatlon  of  damaged  cells  Into  neo¬ 
plastic  ones.  The  only  chemical  whldi  has 
been  clearly  Mentlfled  as  one  which  Increases 
the  Incidence  of  myeloid  leukemias  in  man 
la  benzene  In  rather  heavy  occupatlonel  ex- 
poeure.(3ff) 

The  relationship  between  benzene  ex- 
iKisure  and  leukemia  in  humans  in  the 
past  has  resulted  in  large  part  from 
clinical  observation  and  to  a  lesser  de¬ 
gree  from  epidonlological  studies.  *1710 
clinical  evidence  of  leukemia  has  been 
obtained  either  from  a  survey  of  medical 
records  primarily  In  various  European 
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clinics,  or  from  a  canvass  of  the  pub¬ 
lished  literature  reporting  case  histories 
of  individuals  diagnosed  with  leukemia. 
In  lieu  of  quantitative,  individual  ex¬ 
posure  data,  subjective  evaluaticms  of 
Intensity  of  exposure  have  been  utilized. 
Ihe  epidemiological  evidence  has  been 
derived  frcHn  either  the  determination  of 
the  frequency  of  chronic  benzene  ex¬ 
posure  among  cases  of  leukemia  or  from 
the  determination  of  frequency  of,  <»* 
mortality  from,  leukemia  among  employ¬ 
ees  of  work  shops  that  utilize  benzene. 
In  other  words,  in  the  first  method  the 
leukemia  is  the  constant  factor  of  all 
case  studies  and  the  benzene  exposure 
is  the  variable;  while  the  second  method 
is  the  reverse,  that  is,  the  benzene  ex¬ 
posure  is  the  constant  factor  while  leu¬ 
kemia  is  the  variable. 

Viglianl  and  Salta,  in  their  review 
of  47  Individuals  suffering  from  benzene 
hemopat^  between  the  period  of  1942 
and  1963,  presented  clinical  and  labora¬ 
tory  accounts  of  six  cases,  all  of  whom 
were  diagnosed  as  having  haemocyto- 
blastlc  leukemia.  (27)  The  period  of  ex¬ 
posures  oof  these  individuals  to  either 
resins,  inks,  varnishes,  or  glues  contain¬ 
ing  varying  concentrations  of  benzene 
ranged  up  to  19  years.  Data  on  the  con- 
c^tratkms  of  benzene  in  the  workplace 
environment,  with  one  exception  (190- 
660  ppm)  were  not  available.  Although 
informatlmi  on  iM'evious  occupational 
histories  or  medical  status  prior  to  the 
flnoi  diagnoses  were  also  not  available, 
the  authcHS  stated  that  “attribution  of 
the  cases  (of  leuk^nia  cited)  to  the  ex¬ 
posure  cannot  be  dotfi>ted.’’  During  the 
years  1962-1963.  when  there  was  sharp 
rise  in  the  Incidence  of  leukemia  among 
wiMrkers  exposed  to  benzene  which  coin¬ 
cided  with  an  increase  in  niunber  of 
benzene  poisoning  cases  for  this  period, 
the  risk  of  acute  leukemia  was  estimated 
to  be  about  20  times  greater  than  the 
risk  for  the  geno'al  adult  population. 

Twelve  years  following  the  Viglianl 
and  Salta  study.  Vigllapl  and  Fomi  ob¬ 
served  that  in  the  roto^vure  Industry, 
no  new  cases  of  aplastic  anemia  nm*  of 
leukemia  were  found  among  workers  ex¬ 
posed  solely  to  toluene  after  thjs  solvent 
was  substituted  tor  benzene  in  1964. 
(15)  However,  these  authors  noted  in 
1974  that  cases  of  benzene-induced  leu- 
kmnla  with  long  latency  periods  may 
still  be  occasionally  observed.  (50)  These 
Investigatcrs  also  observed  that  workers 
exposed  to  tolviene  did  not  exhibit  chro¬ 
mosomal  aberrations,  a  finding  sem  in 
employees  who  work  with  benzene. 

Sixteen  (16)  cases  of  various  forms  of 
leukemia  devtioping  from  long  term 
exposure  to  benzene  were  reported  by 
Tareef  et  al.  (28)  The  duration  of  ex¬ 
posure  ranged  between  4  and  27  years. 
However,  no  exposure  ccmcentrations 
were  reported.  In  contrast  to  data  pre¬ 
viously  rqmrted  in  Italy  and  Turkey, 
the  authors  found  evidence  of  chronic 
leukemia.  Acute  leukemia  accounted  for 
<mly  6  of  the  16  cases.  Three  of  the  six 
acute  leukonlas  were  diagnosed  at  2,  4 
and  5  years  following  cessation  of  ben¬ 
zene  exposure.  Four  of  the  acute  eases 
underwent  a  definite  period  of  hema¬ 


tologic  shifts  ranging  fnun  anemia  or 
leucopenla  to  aplastic  anemia  and 
spanning  a  period  of  2  to  10  years.  Of 
the  10  chronic  cases  reported,  none  of 
the  patients  had  hemocytopenlc  changes 
prior  to  the  onset  of  leukemia. 

Aksoy  et  al.  rei>orted  the  deaths,  due  to 
leukemia,  of  four  Turkish  shoemakers 
resulting  from  their  exposure  to  benzene 
for  periods  ranging  from  6  to  14  years. 
(29)  At  the  time  of  the  study,  air  con¬ 
centrations  were  found  to  be  between 
150-210  ppm  oi  benzene.  Previous  oc- 
cupatimal  exposure  data  was  not  pro¬ 
vided.  Two  of  the  four  patients  devel¬ 
oped  acute  leukemia  approximately  two 
and  three  years  after  the  occurrence  of 
aplastic  anemia  although  the  other 
two  did  not. 

Adding  8  new  cases  of  leukemia  as- 
ffwiated  with  exposure  to  benzene  to  26 
previously  found,  between  the  years 
1967  and  1973,  Aksoy  et  al.  observed 
that  with  the  exception  of  <x)e  case  of 
chronic  myeloid  leukemia,  all  had 
various  forms  of  acute  leukemia.  (30)  A 
preceding  period  of  pancytopenia  was 
r^rted  present  in  almost  25  percent  of 
the  cases,  and  the  Interval  between  the 
pancyt(H?enlc  period  and  the  cmset  of 
leukemia  vari^  from  6  months  to  6 
years.  Often  the  clinical  findings  and 
blood  picture  improved  considerably  be¬ 
fore  leukemia  was  diagnosed.  During  an 
8  year  period  of  observation,  the  inci¬ 
dence  of  leukemia  among  shoe-workers 
chronically  exposed  to  benzene  was 
calculated  to  be  more  than  twice  that 
experienced  by  the  general  population 
<13.5/100,000  vs.  6/100,000). 

Browning  tabulated  from  published 
studies  61  eases  of  leukonla  among 
woikers  mcposed  to  benzme  at  various 
concentratkms.  (31)  The  majcMdty  of 
cases  were  of  the  myeloid  series.  Brown¬ 
ing  noted  that  "boiezene  leukemia  is 
frequently  superimposed  on  a  condition 

m^astic  anemia,  but  can  devriop  with¬ 
out  a  preceding  peripheral  blood  picture 
diaracteristlc  of  bone  marrow  i^asia.** 
She  also  noted  that  the  transition  from 
aplastic  anemia  to  leukemia  was  not  un¬ 
known  in  the  Ideopathlc  forms  of  leu¬ 
kemias. 

DeQowln  (32)  and  others  (VigUanl  li 
•Salta,  Tareff,  Aksoy  etc.)  observed  that 
the  developmmit  of  acute  leukemia  in 
some  individual  cases  was  preceded  by  a 
latency  period  jg>  to  15  years  f<filowtag 
cessation  of  exposure  to  benzene.  Some 
of  the  cases  underw»t  vdiat  was  con¬ 
sidered  to  be  a  prdeukemic  period,  which 
was  charactolzed  by  leuccqsenla,  anemia, 
thrombocytopenia,  aplastic  anemia,  pan- 
c3rtopenla  or  a  combination  thereof. 
Other  cases  dev^ped  leukonla  wtttiout 
any  evidence  of  anemia.  According  to 
Viglianl  and  Salta,  the  time  dday  “does 
not  pennlt  us  to  attribute  the  disease  to 
the  persistence  of  benzene  in  the  b(»e 
marrow".  (27)  They  suggested,  however, 
that  “on  the  basis  of  tlie  initiation-pro¬ 
motion  theory  the  induction  of  neo¬ 
plasms,  we  might  regard  b^izene  as  an 
initiator  of  the  leukemia  process,  bat  we 
have  no  suggestion  of  a  possible  pro¬ 
moter." 


Based  on  the  hypothesis  that  the  risk 
of  leukemia  was  hlfl^er  among  workers 
who  were  exposed  to  benzene  and  medi¬ 
cal  x-rays,  Ishimaru  et  aL  conducted  a 
retrospective  epldemlidoglcal  Invertlga- 
tion  examining  the  relation^lp  between 
occupations  and  environmental  factors, 
other  than  A-bomb  e3q;>oeure,  and  the  in¬ 
cidence  of  leukemia  in  Nagarakl  and  Hir¬ 
oshima  between  1945  and  1967.  (33) 
This  case  contnd  study  cmnpared  aD 
cases  diagnosed  as  definite  or  probable 
leukemias  between  1945  and  1967  and  re¬ 
siding,  at  the  time  of  the  onset  of  the  dis¬ 
ease,  in  Hiroshima  or  Nagasaki.  Con¬ 
trols  were  matched  for  city,  sex,  date  of 
birth  (±30  months),  distance  frmn  the 
atomic  bmnb  explosion,  and  al^e  and  re¬ 
siding  in  either  city  at  the  time  at  the 
onset  of  the  disease  in  the  patient.  Four 
himdred  ninety-two  leukemia  cases  were 
identified,  but  matched  controls  could 
only  be  obtained  for  413.  Fifteen  occupa¬ 
tions  were  selected  in  which  there  had 
been  exposure  to  either  medical  x-rays  or 
s(dvait6  especially  benzene  and  its  deriv¬ 
atives.  Three  hundred  and  three  adult 
cases  with  the  onset  of  leukemia  at  age  15 
years  or  over  and  their  controls  were 
compared.  Eleven  of  the  15  occupations 
were  selected  based  on  whether  there  had 
been  a  history  of  such  occupations  by 
either  the  leukemia  cases  or  the  controls. 
Considered  as  a  group,  the  risk  of  leuke¬ 
mia  was  found  to  be  significantly  higher 
(about  2.5  times  greater)  among  those 
with  a  history  of  such  occupations  in 
which  various  volatile  solvents  were,  used 
as  compared  with  those  without.  The 
relative  risk  was  1.8  times  hiiher  for 
chitmic  leukemia  and  2.9  times  higher 
for  acute.  Eighteen  of  the  leukemia  cases 
associated  with  solv^ts  were  located  in 
distant  and  n<m-expo8ed  radiation  areas 
and  were  considered  too  far  frmn  the  A- 
bomb  explosion  for  radiation  to  have  «i- 
hanced  the  increased  risk.  Accepting  the 
source  of  error  Inherent  in  the  method 
which  was  used  to  ccdlect  the  data,  the 
results  of  this  study  nonetheless  rein¬ 
force  the  observatkm  that  an  increase 
in  leukemia  existed  in  that  portion  of 
the  population  exposed  to  radiation  and 
employed  in  an  occupatkm  where  sol¬ 
vents  were  used,  especially  benzene  or 
where  exposure  to  medical  x-ray 
occiirred. 

Thorpe,  then  Associate  Medical  Direc¬ 
tor  for  the  Exxon  Corporation,  on  the 
other  hand,  reported  that  the  Incidence 
of  leukemia  among  a  pcq^ulation  of  38,000 
workers  exposed  to  low  levels  of  benzene 
over  a  ten  year  period  (1962-1972)  was 
not  significantly  different  when  com¬ 
pared  with  the  general  ixq^ulation.  (34) 

This  study  has  been  severdy  criti¬ 
cized  by  Brown  for  its  rdaxed  case-find¬ 
ing  techniques  and  the  methods  of  anal- 
ysea  (35)  Thus,  the  conclusians  derived 
from  this  study  must  be  viewed  in  the 
light  ot  serious  methodological  problems 
adilch  were  encountered  in  the  collection 
and  treatment  oi  the  data.  These  prob¬ 
lems,  edilch  were  also  aekxwwledged  by 
Thorpe,  Included;  (1)  the  low  tocldenee 
of  leukemia  In  the  gmieral  pcgmletloa; 
(2)  the  vahdlty  of  the  dtagnosee  of  kn- 
kemia,  (3)  the  quantitative  determlna- 
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tions  of  the  extent  of  exposures,  (4)  en 
inadequate  follow-up  at  annuitants  and 
(5)  Incomplete  occupational  histories  on 
’individuals  diagnosed  as  having  leuke¬ 
mia. 

Infante  et  aL  recently  rrix»ted  the 
results  of  an  ongoing  epidemiologic  study 
among  workers  exposed  to  benzene  dur¬ 
ing  the  manufacture  of  PUofllm,  a  proc¬ 
ess  imconfounded  with  mixed  scdvent  ex¬ 
posures.  (51)  Although  follow-up  is  less 
than  75%  completed,  the  results  already 
demonstrate  a  statistically  significant 
excess  of  leukemia  in  benzene  exposed 
workers  as  compared  with  the  expecta- 
ti<ms  based  on  the  UJ3.  white  male  popu¬ 
lation  or  (m  a  second  population  em¬ 
ployed  at  an  industry  in  the  same  state 
over  the  same  period  of  time.  Among 
benzene  exposed  workers,  a  five-fold 
excess  of  toted  leukemia  and  a  10-fold 
excess  of  myelomonocjrtic  lexikemias 
were  demonstrated  even  under  condi¬ 
tions  leading  to  an  underestimate  of  the 
true  leukemia  risk.  Those  conditions 
were  the  treatment  and  the  analyses  of 
individuals  whose  vital  status  was  un¬ 
known — they  were  assumed  to  be  alive 
imtil  the  last  day  of  the  study  period. 
Note  was  made  of  the  consistency  of  the 
types  of  leukmia  in  this  study  popula¬ 
tion  (myelog^ous  and  monbc^ic)  with 
earlier  case  reports  by  Vlgliani  of  work¬ 
ers  who  had  died  from  benzene  related 
leukraiia  in  Italy. 

The  wide  variety  of  clinical  manifes¬ 
tations  and  hematological  disorders  ob¬ 
served  in  humans  exposed  to  benzene, 
which  range  from  simple  anemia  and 
leukopenia  to  aplastic  anemia  have  been 
experimentally  induced  in  animals. 
However,  attempts  to  demonstrate  the 
development  of  leukemia  in  animals  ex- 
pKJsed  to  benzene  has  met  with  less  suc¬ 
cess.  To  date,  a  study  by  Lignac  in  1932 
is  the  only  animal  study  known  to  OSHA 
in  which  leukemia  has  been  observed  in 
animals  exposed  to  benzene.  (38)  Fifty- 
four  mice  (28  females.  26  males)  were 
given  subcutaneous  injections  of  benzene 
(0.001  ml  in  0.1  ml  of  olive  oil)  for  17 
to  21  weeks.  Nine  mice  were  initially  ex¬ 
cluded  foUowing  bacteriological  exami¬ 
nation  and  an  additional  12  were  lost 
through  atnH>hy  of  various  organs,  es¬ 
pecially  the  spleen.  Lignac  attributed 
these  deaths  to  the  size  of  the  dose  of 
benzene  based  upon  the  findings  of  a 
preceding  experiment.  Eight  of  the  re¬ 
maining  44  mice  developed  leukemia  (w 
Kundrat’s  lymphosarcoma  and  died  4  to 
11  months  after  receiving  the  first  injec¬ 
tion.  The  absence  of  concurrent  ccmtrols 
makes  interpretation  of  the  results  diffi¬ 
cult,  and  imeertainties  as  to  the  strain  of 
the  mice  studied  has  frustrated  efforts  to 
independently  confirm  the  findings. 

More  recent  studies  have  failed  to  pro¬ 
duce  Lignac’s  results.  Amiel  in  1960  uti¬ 
lized  four  inbred  strains  of  mice  and  sub¬ 
jected  them  to  the  same  experimental 
program  outlined  in  Llgnac's  study. 
(39)  No  leukemic  or  aplastic  hemo- 
pathies  were  Observed.  More  recently, 
Ward  et  aL  administered  benzene  sub¬ 
cutaneously  to  a  species  and  strain  of 
mice  which  is  responsive  to  leukemogriiic 
agents.  (40)  Although  they  observed  a 


slight  increase  in  the  percentage  of 
granulocytle  leukemias  in  the  benzene- 
treated  mice  as  compared  with  the  c<»i- 
tiols,  the  auth<xz  viewed  the  increase  as 
not  statistically  significant. 

SUMICART  AND  EXPLANATION  OF  THE 
STANDARD 

ITie  requirements  of  the  emergency 
temporary  standard  are  those  which 
OSHA  considers  essential  and  feasible 
to  protect  ^ployees  from  the  grave 
danger  resulting  from  benzene  exposure 
until  a  permanent  standard  can  be  pro¬ 
mulgated  in  accordance  with  sections 
6  (b)  and  (c)  the  Act.  The  f(^owing 
section  discusses  the  significant  provi¬ 
sions  of  the  emergency  temporary  stand¬ 
ard  for  benzene  and  the  necessity  for  in¬ 
cluding  these  provisions  in  the  ETS. 

A.  Scope  and  application.  The  emer¬ 
gency  temporary  standard  applies  to 
all  employers  and  all  establishments  in 
which  benzene  is  present,  except  for  two 
general  groups.  The  ETS  does  not  apply 
to  retail  automotive  service  stations.  It’s 
estimated  that  there  are  presently  more 
than  200,000  such  service  stations  in  the 
country.  Further,  the  limited  evidence 
presently  available  suggests  that  em¬ 
ployee  exposures  diudng  gas  dispensing 
operations  are  generally  below  1  ppm. 
In  light  of  these  facts,  and  the  relatively 
short  duration  of  the  BITS,  it  has  been 
determined  that  exclusion  of  such  serv¬ 
ice  stations  from  the  ETS  would  be  ap¬ 
propriate. 

Similarly,  the  ETS  does  not  cover  ex¬ 
posure  to  liquids  containing  benzene  in 
amounts  of  1  percent  or  less  by  voliune, 
or  benzene  vapor  released  by  these  liq¬ 
uids.  Benzene  is  a  contaminant  as  well 
as  an  additive  in  a  multitude  of  indus¬ 
trial  substances.  OSHA  estimates  that 
some  60,000  facilities  with  over  400,000 
employees  are  engaged  in  industrial 
operations  utilizing  liquid  mixtures  c<m- 
taining  l  percent  less  benzene  by 
volume. 

Also  based  on  the  presently  available 
evidence  in  the  Arthur  D.  Little  study 
the  exposure  of  ^ployee  working  with 
these  mixture  is  generally  less  than  1 
ppm  on  an  8  hour  average.  In  view  of 
the  foregoing,  the  ETS  excludes  users 
of  these  mixtures  from  its  coverage. 

However,  during  the  proceedings  on 
the  propos^  permanent  standard,  it  is 
OSHA’s  intention  to  consider  the  appro¬ 
priate  scope  and  application  of  its  per¬ 
manent  standards  to  protect  workers 
from  the  leiikemia  hazard  of  benzene 
exposure. 

Meanwhile,  the  existing  standard  in 
§  1910.1000  which  governs  benzene  ex¬ 
posure  will  c(mtinue  to  apply  to  retail 
automotive  service  stations  and  to  op¬ 
erations  which  use  liquids  containing 
one  percent  or  less  benzene. 

Thus,  these  employers  must  continue 
to  limit  their  employees’  exposures  to 
benzene  to  the'  10  ppm  permissible  ex¬ 
posure  limit,  25  ppm  limit  ceiling  and 
50  ppm  excursion  limit  of  that  section. 

The  emergency  temporary  standard 
is  applicable  to  “general  industry,”  con- 
structiem  and  maritime. 


B.  Permissible  exposure  limit.  The 
standard  has  s^mrate  permissible 
limits  for  airborne  exposure  and  for  eye 
and  dermal  exposures. 

(1)  Airborne  exposure  limits.  Con¬ 
siderable  scientific  opinion  supports  the 
regulatory  policy  for  carcinogens  that 
no  safe  level  exists  for  any  exposed 
population.  For  example,  the  National 
Cancer  Institute’s  Ad  Hoe  Committee  on 
the  Evaluation  of  Low  Levels  of  En¬ 
vironmental  Chemical  Carcinogens 
(1970)  stated: 

No  level  of  exposure  to  s  chemical  carcino¬ 
gen  should  be  considered  tozlcologlcaUy 
Insignificant  for  man.  For  carcinogenic 
agents,  a  "safe  level  for  man”  cannot,  be  es¬ 
tablished  by  application  of  our  present 
knowledge.  (NCI.  1S70.  p.  1). 

Furthermore,  NIOSH  has  stated  that, 
“it  is  not  possible  at  the  present  time  to 
establish  an  exposure  level  at  which 
benzene  may  be  regarded  to  be  without 
danger,”  a  position  which  it  has  con¬ 
sistently  taken  with  regard'  to  other 
carcinogens.  ^ 

This  regulatory  policy  is  consistent 
with  previous  OSHA  actions  to  control 
employee  exposure  to  carcinogens;  see. 
e.g.  the  preambles  to  the  carcinogen 
standards.  29  CFR  1910.1003  et  seq.  (39  ‘ 
FR  3758);  the  vinyl  chloride  standard, 
29  CFR  1910.1017  (39  FR  35892)  and  the 
coke  oven  emissions  standard,  29  CTR 
1910.1029  (41  FR  46742).  Thus,  the  level 
of  1  ppm  has  been  chosen,  not  as  a  “safe" 
or  “no  effect”  level,  but  on  the  basis  of 
OSHA’s  belief,  for  the  reasons  set  forth 
in  the  technical  feasibility  and  economic 
impact  study  prepared  for  OSHA  by 
Arthur  D.  Little  Co.,  that  1  ppm  is  the 
lowest  level  that  generally  can  be 
achieved  at  this  time. 

(2)  Ceiling  limit.  In  addition  to  limit¬ 
ing  8-hour  time  weighted  average  ex¬ 
posures  to  1  ppm,  the  emergency  stand¬ 
ard  requires  that  no  employee  be 
exposed  to  benzene  in  excess  of  5  ppm 
averaged  over  any  15-mlnute  period.  An 
employee  may  be  exposed  to  varying 
concentrations  of  benzene  during  the 
course  of  the  workday  with  some  periods 
of  exposure  above  1  ppm  and  correspond¬ 
ing  periods  below  1  ppm.  OSHA  has 
determined  that  the  peak  excursions 
permitted  under  the  present  standard 
are  not  apprc^rlate  in  regulating  ex¬ 
posure  to  benzene — a  human  leukemia 
hazard  for  which  no  safe  level  can 
determined.  For  this  reason,  the  15- 
minute  ceiling  limit  of  5  ppm  is  estab¬ 
lished  to  limit  the  magnitude  of  brief 
excursiems  which  might  otherwise  occur 
even  where  the  8-hour  time  weighted 
average  was  not  exceeded. 

(3)  Dermal  and  eye  exposure  limits. 
The  standard  pre^ibits  eye  and  repeated 
or  prolonged  ddn  exposure  to  liquid  ben- 
zme.  While  studies  indicate  benzene  is 
not  readily  absorbed  through  intact  skin, 
direct  contact  with  liquid  benzene  can 
cause  blistering  and  breakage  of  the  skin 
surface.  (46),  (47)  Under  these  circum¬ 
stances.  or  where  the  skin  is  otherwise 
broken,  prolonged  or  repeated  skin  con¬ 
tact  may  result  in  significant  absorption 
of  benzene.  In  addition,  bmzene  absorp- 
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tipn  thronyh  the  may  be  enhanced 
when  ttooeors  In  comMnatton  with  other 
solvents.  (48)  Once  absorbed,  the  ben¬ 
zene  Is  distributed  thnnighOQt  the  body 
by  the  blood. 

C.  NoUfieation  of  use.  The  standard 
requires  employerB  to  notify  OSHA  of 
the  location  of  workplaces  in  which  ben¬ 
zene  Is  used  and  to  describe  the  condl- 
tlcHis  of  use  and  protective  measures  In 
effect.  This  requirement  Is  designed  to 
assure  compliance  diulng  the  effective 
period  of  this  ETS. 

D.  Monitoring  of  exposure.  The  stand¬ 
ard  requires  employers  to  monitor  each 
workpliuse  where  benzene  Is  present  to 
determine  anployee  exposure.  Such  de¬ 
terminations  may  be  made  by  monitor¬ 
ing  and  measurements  which  are  rep¬ 
resentative  of  each  employee’s  exposure 
to  benzme  over  an  8-hour  period.  Actual 
measurements  of  airborne  concentra¬ 
tions  of  boizene  axe  required  in  order  to 
determine  emidoyee  exposure  to  benzene. 
However,  employers  do  not  have  to  meas¬ 
ure  the  exposure  of  each  individual 
employee. 

Where  the  initial  measurements  reveal 
benzene  e^mosure  to  be  sd>ove  the  ptermls- 
slble  exposure  limit,  monthly  monitoring 
Is  requh^  Measuremmts  which  reveal 
levels  of  exposure  to  benzene  below  the 
permissible  exposure  limit  require  quar¬ 
terly  monitoring. 

The  results  of  the  exposure  measure¬ 
ment  program  determine  what  further 
action  must  be  taken  by  the  employer.  In 
addition  to  monthly  monitoring,  meas¬ 
urement  of  exposures  above  the  permis¬ 
sible  exposure  limit  require  the  employer 
to  Institute  controls  to  reduce  the  ex¬ 
posure  to  or  below  the  permissible  ex- 
posiu-e  limit.  A  monitoring  requirement 
is  necessary  in  the  ETS  to  reduce  em¬ 
ployee  exposure. 

In  establishing  the  monitoring  and 
measurement  requirements  of  this  stand¬ 
ard,  OSHA  has  considered  the  impor¬ 
tance  of  such  activities  to  identifying  ex¬ 
posed  employees  and  their  levels  of  ex¬ 
posure  so  that  appropriate  protective 
measures  may  be  taken.  OSHA  has  also 
considered  the  question  of  the  feasibility 
of  Immediately  complying  with  the  mon¬ 
itoring  requirements  specified. 

Performing  the  required  measurements 
of  employee  exposure  to  benzene  will 
generally  Involve  the  use  of  portable  bat¬ 
tery-powered  air  sampling  pumps  worn 
by  the  employee  during  the  sampling 
period,  charcoal  tubes  for  absorption  of 
the  benzene,  and  access  to  appropriate 
laboratory  facilities  for  subsequent  anal¬ 
ytic  of  the  charcoal  tube  samples.  The 
laboratory  analysis  would  usually  be  per¬ 
formed  using  gas  chromobographs,  a 
technique  commonly  available  In  analyt¬ 
ical  laboratories  and  utilized  for  the 
analysis  of  a  wide  range  of  air  contunl- 
nants  found  in  samples  of  the  wottplaoe 
envlroninent  and  general  community. 
The  standard  provides  that  the  initial 
must  be  conducted  and  re¬ 
sults  obtained  wtthhi  80  days  of  the  ef¬ 
fective  date  of  the  standard,  whldi  wotfid 
be  almost  50  days  f oOowtaf  publication 
of  tbs  standard.  The  standard  does  not 
leqolreaaeiwtfafceBcieaeureineotforeach 
affected  cuxployee.  It  requires  only  that 
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sufficient  measurements  are  obtained  to 
be  representative  of  the  exposure  of  all 
affected  employees. 

OSHA  notes  that  the  monitoiing  re¬ 
quirements  will  arise  principally  in  the 
industries  engaged  in  benzene  produc¬ 
tion.  gasoline  production,  and  related 
chemical  industries.  These  industries  are 
generally  regarded  to  be  at  the  forefront 
of  all  industries  with  respect  to  existing 
Industrial  hygiene  and  occupational 
health  programs.  Many  of  the  employers 
In  these  industries  have  extensive  pro¬ 
fessional  and  tedmical  staffs  and  estab¬ 
lished  employee  health  programs  which 
include  periodic  measurement  of  em¬ 
ployee  exposure  to  benzene.  Thus  these 
employers  are  expected  to  have  little 
dil^ulty  in  comi^ying  with  the  monitor¬ 
ing  requirements  of  this  standard.  Some 
of  these  employers  have  had  to  acquire 
much  of  the  apparatus  and  equipment 
required  for  measuring  empl<^ee  expo¬ 
sure  to  benzene  in  order  to  comply  with 
other  occtmatiozud  health  standards  pre- 
vloasly  issued  by  this  Ageixsy.  For  ex¬ 
ample,  those  emi^oyers  engaged  In  man¬ 
ufacturing  or  use  of  vinyl  chloride  and 
polyvinyl  chloride  and  employers  en¬ 
gaged  in  the  toleration  of  coke  ovens — 
one  source  of  benzene  production,  will 
find  that  much  of  the  effort  made  earlier 
in  comi^ying  with  the  standards  for 
vinyl  chloride  and  cc^e  oven  emissions 
will  be  applicable  to  the  requirwnents 
imder  this  standard  for  measuring  em¬ 
ployee  exposure  to  benzene. 

There  are  approximately  eight  manu¬ 
facturers  of  suitable  sampling  pumps. 
While  it  is  not  possible  to  know  the  total 
number  of  pumps  immediately  available 
from  these  manufacturers,  one  of  the 
major  manufacturers  has  indicated  |ui 
ability  to  dtiiver  200  Immediately  and 
800  vtithin  45  days.  That  manufacturer 
estimated  that  the  entire  industry  is 
capable  of  delivering  up  to  2,000  pumps 
in  no  more  than  60  days  fnnn  now. 
OSHA  believes  this  capacity  is  adequate 
to  meet  the  additional  needs  of  employ¬ 
ers  who  do  not  presently  have  a  sufficient 
number  of  these  sampling  piunps.  More¬ 
over.  the  standard  does  not  require  that 
the  employer  own  the  equipment  and  do 
this  m<mitoring  himself;  the  utilization 
of  consultants  or  contractors  is  another 
choice  available  to  many  employers. 

For  the  above  reasons,  the  Assistant 
Secretary  concludes  that  the  monitoring 
and  measurement  requirements  of  this 
emergency  standard  are  feasible. 

E.  Methods  of  compliance.  The  stand¬ 
ard  requires  employee  exposure  to  ben¬ 
zene  to  be  reduced  to  1  ppm  by  engineer¬ 
ing  ccmtixds,  work  practices  and  respira¬ 
tory  protection.  The  emergency  standard 
reflects  a  pr^erence  for  the  use  of  engi¬ 
neering  controls,  work  practices  and. 
where  possible,  sobstitution  becaow  of 
the  greater  reliability  of  these  control 
te^miques.  (See.  for  example,  the  stand¬ 
ards  on  Tlr\yl  chloride.  |  l»10.1tl7.  and 
coke  oven  rmlwlnnn  i  1910.1089,  and  the 
reasons  given  therein.) 

Unas,  empioycBi  are  required  to  In- 
stitote  fearibis  engineering  controls  and 
work  practices  as  soon  as  poeslAe  to 
reduce  employee  exposure  to  or  below  the 


permissible  exposure  Mnsits.  In  opera¬ 
tions  wbeie  cnglneerinc  oontrols  and 
work  practices  do  not  eompletdy  reduce 
exposure  to  the  permissible  level,  they 
mxist  still  be  implemented  to  reduce  ex¬ 
posures  to  the  lowest  practicable  level 
and  suMHemented  1^  respirators. 

OSHA  recognises  that  Initial  (xxnpll- 
anoe  may  Involve  the  use  of  rBspirators 
in  many  instanoes  until  engineering  con- 
trolE  are  installed  and  work  practices 
initiated. 

Based  oa  a  review  of  the  Arthur  D. 
Little  Co.  study  and  data  furnished  by 
respirator  manufacturers,  08HA  has  de¬ 
termined  that  the  availability  of  respira¬ 
tors  of  the  required  types,  especially  the 
air-purifying  respirators  and  replace¬ 
ment  cartridges,  is  adequate  to  meet  the 
needs  of  employers  who  wlD  require  than 
for  compliance  with  the  ETS.  For  ex¬ 
ample,  there  are  several  manufacturers 
of  alr-purlfying  respirators  for  use 
against  benzene.  One  of  these  manufac¬ 
turers  has  indicated  that  it  currently 
has  in  stodc  100,000  replacement  car¬ 
tridges  more  than  normal  order  require¬ 
ments,  can  deliver  more  than  250,000 
cartridges  per  month,  and  Is  presently 
increasing  production  capacity  for  this 
type  of  resi^b^tor.  Additionally,  OSHA  is 
aware  that  req>irators  are  currently 
available  for  use  by  employees  in  many 
Job  categories  in  the  Indxistries  covered 
by  this  standard,  such  as  the  petroleum 
refining,  petrochemical,  chemical,  and 
related  Industries. 

OSHA  estimates  that  approximately 
30,000  of  the  150,000  employees  affected 
by  this  standard  would  have  to  be  fur¬ 
nished  respirators  for  use  some  of  the 
time  during  the  initial  period  of  com¬ 
pliance  with  this  standard.  In  view  of 
the  current  existence  of  suitable  respira¬ 
tors  in  many  workplaces  where  they 
would  be  needed  and  the  ability  of  the 
respirator  manufacturers  and  supidiers 
to  supply  promptly  on  receipt  of  order 
additional  respirators  needed  to  cwnpiy, 
OSHA  concludes  that  the  respirator  re¬ 
quirements  of  this  standard  are  feasible. 

F.  Medical  surveillance.  The  standard 
requires  employers  to  institute  a  limited 
program  of  medical  surveillance  for  all 
employees  exposed  to  benzene.  The  pur¬ 
poses  of  these  medical  surveillance  re¬ 
quirements  are  to  determine  the  effects 
of  exposure  on  the  blood  forming  systems 
of  the  employees,  to  detect  blood  abnor¬ 
malities,  and  to  ensure  that  symptoms  of 
overexposure  to  benzene  are  recognized 
as  early  as  possible.  The  standard  pro¬ 
vides  that  this  medical  testing  shall  be 
conducted  within  30  days  of  the  effective 
date  of  the  standard  and  quarterly 
thereafter.  The  medical  surveillance  re¬ 
quirements  are  limited  to  those  minimum 
tests  considered  necessary  for  the  emer¬ 
gency  standard.  (41)  The  standard  also 
requires  a  medical  history  to  be  taken 
for  every  employee  who  may  be  exposed 
to  benzene. 

Faculties  for  perfonnlng  such  routine 
blood  tests  are  rearttly  avaflahle  In  an 
partsofttieoountiTaiidOEBAhMean- 
eluded  lliat  convllanee  vlUi  Itiii  ■■kited 
medloal  teittm  leqatpeaMai  la  Immedi¬ 
ately  feasible. 


FEOEIAL  lEGISICK,  VOL  42,  MO.  S5— TUESDAY,  MAY  8.  ItET 


Following  the  medical  examination,  the 
employer  must  obtain  a  written  opinion 
from  the  examining  physician  stating 
whether  the  employee  has  any  medical 
condition  that  would  place  him  at  in¬ 
creased  risk  to  his  health  from  exposure 
to  benzene.  The  employer  must  provide 
a  copy  of  the  physician’s  (^JinlMi  to  the 
affected  employee.  Employees  are  not 
required  by  the  standard  to  submit  to 
the  medical  surveillance  offered  under 
this  provision. 

Q.  Employee  education  and  training. 
Information  and  training  are  important 
to  protect  employees  from  workplace 
cancer  hazards.  Appropriate  training  of 
employees  can  resiilt  in  immediate  bene¬ 
fits  in  terms  of  reduced  exposures.  To  be 
effective,  an  employee  education  system 
must  fully  inform  the  employee  of  the 
specific  hazards  associated  with  the  work 
environment.  For  this  reason,  the  em¬ 
ployer  is  required  to  inform  each  em¬ 
ployee  who  is  assigned  to  work  in  the 
presence  of  benzene  about  the  specific' 
operations  where  benzene  exposure  may 
occiir  and  about  proper  procedmes  to 
avoid  unnecessary  exposure.  The  re¬ 
quired  training  program  must,  among 
other  things,  advise  employees  of  the 
signs  and  symptoms  of  exposure  to  ben¬ 
zene.  the  purpose  of  the  medical  tests, 
and  the  purpose,  proper  use,  and  limi¬ 
tation  of  respirators. 

H.  Signs.  It  Is  important  for  the  pro¬ 
tection  of  employees  that  appropriate 
forms  of  warning,  as  necessary,  be  used 
to  Inform  employees  of  the  hazards  to 
which  they  are  exposed  in  the  course  of 
their  emplosmient. 

In  light  of  the  grave  danger  posed  by 
exposure  to  benzene.  OSHA  believes  that 
signs  are  necessary  in  addition  to  the  pe¬ 
riodic  training  program  for  Informing 
employees  of  the  carcinogenic  hazard  of 
benzene  exposure. 

I.  Recordkeeping.  The  standard  re¬ 
quires  a  limited  amotmt  of  recordkeep¬ 
ing.  Employers  must  maintain  exposure 
measurement  records  and  medical  rec¬ 
ords.  Such  records  must  be  maintained 
during  the  period  of  the  emergency 
standard.  Thereafter,  employers  will  be 
subject  to  the  long-term  recordkeeping 
requirements  included  in  the  final 
standard  promulgated  under  section  6 
(b)  of  the  Act. 

J.  Appendixes.  Three  appendixes  have 
been  attached  to  the  standard  for  infor- 
maticHial  purposes.  These  appendixes  do 
not  impose  any  additional  requirements 
on  the  employer. 

V. — Rcferencxs 
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Department  of  Labor,  3rd  Street  and 
Constitution  Avenue  NW.,  Washington. 
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VI.  Environmental  and  Economic 
Impacts 

The  National  "Environmental  Policy 
Act  of  1969  (42  UJS.C.  4321  et  seq.)  and 
regulations  issued  thereimder  (29  CFR 
Part  1999)  require  that  Federal  agencies 
assess  their  proposed  major  actions  to 
determine  whether  a  significant  impact 
on  the  quality  of  the  human  environment 
may  result,  and  If  necessary  to  prepare 
an  environmental  impact  statement.  An 
environmental  impact  statement  on  the 
regulation  of  occupational  exposure  to 
benzene  will  be  prepared  and  made  avail¬ 
able  as  required  during  the  rulemaking 
proceedings  under  section  6(b)  of  the 
Act.  Because  of  the  emergency  nature  of 
this  standard,  no  environmental  impact 
statement  can  be  prepared  or  is  required 
tor  the  nnergency  temporary  standard. 
In  addition,  noUce  is  hereby  given  that 
an  economic  Impact  analysis  under  Ex¬ 
ecutive  Order  11949  (42  FR 1017)  and  ap¬ 
plicable  procedures  wiH  be  prepared  and 
made  avafiable  prior  to  the  promulgation 
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of  any  permanent  standard  resulting 
from  this  onergency  temporary  stand¬ 
ard.  The  prdimlnary  ecMiomic  and  tech¬ 
nological  feasibility  study  done  by  Ar¬ 
thur  D.  Uttle  indicates  that  the  emer- 
geaacy  standsurd  is  feasible. 

vm — Public  PstnciPATioN — Noticb  or 
Hbabino 

Pursuant  to  section  6(c)  (3)  of  the  Act, 
this  ET8  as  published  also  serves  as  a 
proposal  for  a  permanent  rule.  It  is 
OSHA’s  intention  to  develop  and  publish 
a  more  ccnnprehensive  proposal  in  the 
very  near  future  which  will  contain  ad- 
diticmal  provisions  and  some  modifica¬ 
tions  of  this  mergency  standard.  Since 
the  comprehmsive  proposal  will  be  based 
(m  the  emergency  standard  and  since  the 
emergency  nature  of  the  proceeding  and 
the  requirements  of  section  6(c)  will  ne¬ 
cessitate  expedited  treatment  through¬ 
out  the  developmmt  of  the  final  standard 
on  benzene,  interested  parties  should 
b^Bln  preparation  of  their  written  com¬ 
ments  and  mal  presentations  immedi- 
atdy. 

Interested  persons  are  Invited  to  sub¬ 
mit  written  data,  views  and  arguments 
with  respect  to  this  ETS  and  the  sup¬ 
plementary  proposal  to  be  published 
shortly.  These  cmnments  must  be  post¬ 
marked  on  or  before  June  20.  1977  and 
sulxnltted  in  quadruplicate  to  the  Docket 
Officer,  Docket  No.  H-059.  Room  86212, 
U.S.  Department  of  Labor,  3rd  Street  and 
Constitution  Avenue,  NW.,  Washington, 
D.C.  20210.  Written  submissions  must 
clearly  identify  the  ixovislons  of  the  ETS 
and  the  proposal  which  are  addressed 
and  the  position  taken  with  respect  to 
each  issue  therein.  The  data,  views  and 
arguments  that  are  submitted  will  be 
available  for  public  inq^ection  and  copy¬ 
ing  at  the  above  address.  All  timely 
written  sutailssions  received  will  be  made 
a  part  of  the  record  of  this  proceeding. 

Pursuant  to  section  6(b)  (3)  of  the  Act, 
an  oiHiortunlty  to  submit  oral  testimony 
concerning  the  Issues  raised  by  the  ETS 
and  the  proposed  standard,  including  the 
econcnnlc  and  envlnmmmtal  impacts, 
will  be  provided  at  an  informal  public 
hearing  scheduled  to  begin  at  9:30  am. 
(m  July  12, 1977,  in  the  New  Department 
of  Labor  Auditorium,  New  D^?artment  of 
Labor  Building,  3rd  Street  and  Consti¬ 
tution  Avmue,  NW.,  Washington,  D.C. 
20210. 

Noticbs  or  iMTXimoN  To  Appxax 

All  persmis  desiring  to  participate  at 
the'hearlng,  must  file  in  quadruplicate  a 
notice  of  Intention  to  appear,  postmarked 
(MO  on  before  Jime  20,  1977  with  the 
OSHA  Committee  Management  Office. 
Docket  No.  H-059,  Room  N-3635,  UJ3. 
Department  of  Labor,  3rd  Street  and 
Constitution  Avoiue,  NW.,  Washington. 
D.C.  20210  (telephone:  (202)  523-8024). 

Hie  notices  intention  to  appear, 
which  will  be  available  for  inspection  and 
copying  at  the  OSHA  Committee  Man¬ 
agement  Office,  must  contain  the  follow¬ 
ing  InformatiiHi: 

(1)  The  name,  address,  and  telephone 
number  of  each  person  to  appear; 


(2)  The  capacity  in  which  the  person 
will  appear; 

(3)  The  approximate  amount  of  time 
requested  fm*  the  presentation; 

(4)  The  specific  issues  that  will  be  ad¬ 
dressed; 

(5)  A  detailed  statement  of  the  posi¬ 
tion  that  will  be  takm  with  respect  to 
each  issue  addressed;  and 

(6)  Whether  the  party  intends  to  sub¬ 
mit  documentary  evidence,  and  if  so.  a 
brief  summary  of  that  evidence. 

FTlinc  or  Tistimoht  and  Evidence 
BxroRX  Hearing 

Any  party  requesting  more  than  15 
minutes  for  a  presentation  at  the  hear¬ 
ing,  or  who  will  submit  documentary  evi¬ 
dence.  must  provide  in  quadruplicate  the 
cmnplete  text  of  his  testimony  including 
any  documentaury  evidence  to  be  pre¬ 
sented  at  the  hearing,  to  the  OSHA 
Committee  Management  Office  where  it 
will  be  available  for  Inspection  and  copy¬ 
ing.  This  material  must  be  received  by 
July  5,  1977.  Each  such  submission  will 
be  reviewed  in  light  of  the  amount  of 
time  requested  in  the  notice  of  intention 
to  appear.  In  those  instances  where  the 
information  contained  in  the  submission 
does  not  Justify  the  amount  of  time  re¬ 
quested.  a  more  appropriate  amount  of 
time  will  be  allocate  and  the  participant 
will  be  notified  of  that  fact. 

Any  party  who  has  not  substantially 
complied  with  this  requirement  may  be 
limited  to  a  15  minute  presentation,  and 
may  be  requested  to  return  for  ques¬ 
tioning  at  a  later  time. 

Conduct  of  Hearings 

The  hearing  will  commence  at  9:30 
a.m.  on  July  12.  1977,  with  resolution  of 
any  procedural  matters  rdatlng  to  the 
proceeding.  The  hearing  will  be  con¬ 
ducted  in  accordance  with  29  CFR  Part 
1911.  In  view  of  the  emergency  nature  of 
this  rulemaking  proceeding,  the  hearing 
will  be  conducted  in  as  expedited  a  man¬ 
ner  as  possible,  consistent  with  a  full  de¬ 
velopment  of  the  record  and  the  rights 
of  the  parties. 

The  hearing  will  be  presided  over  by 
an  Administrative  Law  Judge  who  will 
have  all  the  powers  necessary  or  appro¬ 
priate  to  conduct  a  full  and  fair  informal 
hearing  as  provided  in  29  CFR  Part  1911. 
Following  the  close  of  the  hearing  or  of 
any  posthearing  comment  period,  the 
presiding  Administrative  Law  Judge  will 
certify  the  record  to  the  Assistant  Secre¬ 
tary  of  Labor  for  Occupational  Safety 
and  Health.  The  pit^>osal  will  be  re¬ 
viewed  in  light  of  all  oral  and  written 
submisslcms  received  as  {Mart  of  the  rec¬ 
ord.  and  a  standard  will  be  issued  based 
on  the  entire  record  in  this  proceeding. 

Authority 

This  documrat  was  prepared  imder  the 
direction  of  Eula  Bingham,  Assistant 
Secretary  of  Labor  for  Occupatlcmal 
Safety  and  Health,  UB.  Department  of 
Labor.  200  Constitution  Avenue.  NW., 
Room  S-2315,  Washington,  D.C.  (202- 
523-9261). 

Accordingly,  pursuant  .to  sections  6(c) 
and  8(c)  of  the  Occupational  Safety  and 


Health  Act  of  1970  (84  Stat  1596,  1599. 
29  UJS.C.  655.  657),  the  Secretary  of 
Lab(N:’s  Order  No.  8-76,  and  29  urit  Part 
1911,  Part  1910  of  TlUe  29  of  the  Code 
of  Federal  Regulations  is  hereby 
amended  by  adding  a  new  1  1910.1028  as 
set  forth  below.  In  addition,  pursuant  to 
section  4(b)  (2)  of  the  Act  (84  Stat.  1592; 
29  U.S.C.  653) .  the  standard  in  the  new 
§  1910.1028  is  determined  to  be  mmre 
effective  than  the  corresponding  stand¬ 
ards  now  in  Subpart  B  of  Part  1910,  in 
Parts  1915,  1916,  1917,  1918  and  1926  of 
Title  29.  Code  of  Federal  Regulations. 
Therefore,  these  corresponding  stand¬ 
ards  are  superseded  by  the  new  standard 
in  S  1910.1028.  These  amendments  are 
effective  May  21, 1977. 

Signed  at  Washington.  D.C.,  this  29th 
day  of  April  1977. 

Eula  Bingham, 

Assistant  Secretary  of  Labor. 

Part  1910  of  Title  29  of  the  Code  of 
Federal  Regulations  is  therefore 
amended  as  follows: 

1.  A  new  i  1910.20  is  added  to  29  CFR 
Part  1910  to  read  as  follows: 

§  1910.20  Benzene. 

Section  1910.1028  shall  apply  to  the 
exposure  of  every  employee  to  benzene  in 
every  employment  and  place  of  employ¬ 
ment  covered  by  if  1910.12,  1910.13, 
1910.14,  1910.15,  or  §  1910.16,  in  lieu  of 
any  different  standard  tm  exposure  to 
benzene  which  would  otherwise  be  t4>> 
lidicable  by  virtue  of  any  of  those  sec¬ 
tions. 

§  1910.1000  [Amended] 

2.  Table  Z-2  of  i  1910.1000  is  amended 
by  adding  a  footnote  1  following  the 
words  “Benzene  (Z37.4-1969)’’  and  by 
adding  the  fcdlowing  below  Table  Z-2: 

OccupatkHial  exposures  to  bmzene  are 
subject  to  the  requirements  of  1 1910.- 
1028  except  as  specifically  exempted  by 
9  1910.1028(a).  Exposures  exonpted  by 
9  1910.1028(a)  are  covered  by  this 
section. 

3.  Part  1910  of  TiUe  29  of  the  Code  of 
Federal  Regulations  is  amended  by  add¬ 
ing  thereto  a  new  9  1910.1028  to  read  as 
follows: 

§  1910.1028  Benzene. 

(a)  Scope  and  application.  (1)  This 
section  applies  to  the  production,  reac- 
ticm,  release,  packaging,  repackaging, 
storage,  transportation,  handling,  or  use 
of  benzene. 

(2)  This  section  does  not  apply:  (i)  TO 
retail  automotive  service  stations;  or  (il) 
where  the  exposure  to  benzene  is  only 
from  liquid  mixtures  ctmtainlng  1  per¬ 
cent  or  less  of  benzene  by  vcdume,  (h  the 
vapors  released  from  these  liquids. 

(b)  Definitions.  “Assistant  Secretary” 
means  the  Assistant  Secretary  of  Labw 
for  Occupational  Safety  and  Health,  or 
designee. 

“Benzene”  (C6H6)  (CAS  Registry  No. 
000071432) ,  means  benzene,  or  a  mixture 
of  liquids  containing  benzene,  or  the  ben¬ 
zole  vapor  released  by  these  liquids. 
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“Director”  means  the  Director,  Na¬ 
tional  Institute  lor  Occupational  Safety 
and  Health,  UJS.  Department  of  Health, 
Education,  and  Welfare,  or  designee. 

“OSHA  Area  Office”  means  the  Area 
Office  of  the  Occupational  Safety  and 
Health  Administration  having  jmlsdic- 
tion  over  the  geographic  area  where  the 
employer’s  establishment  is  located. 

(c)  Exposure  limits. — (1)  Permissible 
airborne  exposure  limits,  (i)  The  em¬ 
ployer  shall  assure  that  no  employee  is 
exposed  to  an  airborne  concentration  of 
benzene  in  excess  of  1  part  benzene  per 
million  parts  of  air  (1  ppm),  as  an  8- 
hour  time-weighted  average. 

(ii)  The  employer  shall  assure  that 
no  employee  is  exposed  to  an  airborne 
concentration  of  benzene  in  excess  of 
5  ppm  as  averaged  over  any  15  minute 
period. 

(2)  Dermal  and  eye  exposure  limit. 
The  employer  shall  assure  that  no  em¬ 
ployee  is  exposed  to  eye  contact  or  re¬ 
peated  skin  contact  with  benzene. 

(d)  Notification  of  use.  Within  30  days 
of  the  effective  date  of  this  section,  every 
employer  who  has  a  place  of  employment 
where  benzene  is  present,  shall  report 
the  following  information  to  the  nearest 
OSHA  area  office  for  each  such  estab¬ 
lishment: 

(1)  The  address  and  location  of  each 
establishment  where  employee  exposure 
to  benzene  occurs; 

(2)  A  brief  description  of  each  proc¬ 
ess  or  operation  which  may  result  in 
employee  exposure  to  benzene; 

(3)  The  number  of  employees  engaged 
in  each  process  or  operaticxi  which  may 
result  in  exposure  to  benzene  and  an 
estimate  of  the  frequency  and  degree 
of  exposiu^  that  results;  and 

(4)  A  brief  descriptiem  of  the  employee 
safety  and  health  program  as  it  relates 
to  limitation  of  employee  exposiire  to 
benzene. 

(e)  Exposure  monitoring  and  meas~ 
urement. — (1)  Initial  monitoring.  (1) 
Each  employer  who  has  a  place  of  em¬ 
ployment  where  benzene  is  present, 
shall  monitor  each  such  workplace  and 
work  operation  to  determine  the  airborne 
concentrations  of  benzene  to  which  em¬ 
ployees  may  be  exposed.  This  determina¬ 
tion  shall  be  made  by  monitoring  and 
measurements  which  are  representative 
of  each  employee’s  exposure  to  benzene 
over  an  8-hour  period. 

(il)  Each  employer,  who  has  a  place 
of  employment  in  which  benzene  is  pres¬ 
ent,  shall  inspect  each  workplace  and 
work  operation  to  determine  if  any  em¬ 
ployee  may  be  exposed  to  benzene 
through  eye  ccmtact  or  repeated  skin 
contact 

(2)  Frequency  of  monitoring.  Hie 
mcmitoring  required  imder  paragraph 
(e)  (1)  of  this  section  shall  be  ccmduct^, 
and  the  results  obtained,  within  thirty 
days  of  the  effective  date  of  this  section 
and  thereafter  repeated  quarteily  for 
emidoyees  vdiose  exposure  is  found  to  be 


less  than  1  ppm,  and  monthly  for  those 
employees  whose  exposure  is  found  to 
be  in  excess  of  the  pennissible  exposure 
limit.  'Die  employer  shall  continue 
monthly  measurements  imtil  at  least  two 
consecutive  measurements  taken  at  least 
seven  (7)  days  apart  are  below  the  per¬ 
missible  exposure  limit,  and  thereafter 
the  employer  shall  measure  quarterly. 

(3)  Additional  monitoring.  Whenever 
there  has  been  a  production,  process,  or 
control  change  which  may  result  in  new 
or  additicmal  exposure  to  benzene,  or 
whenever  the  employer  has  any  other 
reason  to  suspect  a  change  which  may 
result  in  new  or  additional  exix)sures  to 
benzene,  additional  monitoring  which 
complies  with  paragraph  (e)  (1)  of  this 
section  shall  be  made. 

(4)  Employee  notification,  (i)  Within 
5  working  days  after  the  receipt  of  meas¬ 
urement  results,  the  employer  shall  no¬ 
tify  each  emidoyee  in  writing  of  the 
exposure  measurements  which  represent 
that  employee’s  exposure. 

(ii)  Where  the  results  reveal  the  em¬ 
ployee’s  exptosure  to  be  over  the  permis¬ 
sible  exposiire  limit,  this  notification 
shall  also  include  the  corrective  action 
being  taken  to  reduce  exposure  to  or  be¬ 
low  the  pennissible  exposure  limit. 

(5)  Accuracy  of  measurement.  The 
method  of  measurement  shall  have  an 
accuracy,  to  a  confidence  level  of  95  per- 
coit,  of  not  less  than  plus  or  minus  25 
percent  for  concentratiems  of  benzene 
greater  than  or  equal  to  1  ppm. 

(6)  Employee  exposure.  For  the  pur¬ 
poses  of  Uiis  section,  employee  exposure 
is  that  exposure  which  would  occur  if 
the  employee  were  not  using  a  respirator. 

(f)  Methods  of  compliance.  The  em¬ 
ployer  shall  control  employee  exposures 
to  airborne  concentrations  of  benzene  to 
or  below  the  permissible  exposure  limit, 
and  shall  protect  against  employee  ex- 
posiuo  to  eye  or  repeated  skin  contact 
with  benzene,  by  engineering  controls, 
work  practices  and  personal  protective 
devices  and  equipment,  as  follows: 


Concentration  of  benzene 
or  condition  of  use 

(a)  Less  than  or  equal  to  10  ppm. 

(b)  Leas  than  or  equal  to  60  ppm. 


(c)  Less  than  or  equal  to  1,000  ppm — 

(d)  Less  than  or  equal  to  2,000  ppm _ 

(e)  Less  than  or  equal  to  10,000  ppm.. 


(/)  Escape. 


(1)  Engineering  controls.  The  employer 
shall  develop  and  implement,  as  so(m  as 
possible,  feasiUe  engineering  controls  to 
reduce  the  airborne  concentration  of 
benzene  to  or  below  the  pennissible  ex¬ 
posure  limit. 

(2)  Work  practices.  ITie  employer  shall 
examine  each  work  area  in  which  ben¬ 
zene  is  present  and  shall  institute,  as 
soon  as  possible,  work  practices  to  reduce 
employee  exposure  to  benzene  to  or  below 
the  permissible  exposure  limit.  The  work 
practices  shall  be  described  in  writing 
and  shall  include,  among  other  things, 
the  following: 

(1)  Limiting  access  to  woik  areas 
where  benzene  is  present  to  authorized 
personnel  only; 

(ii)  Prohibiting  smoking  and  the  con¬ 
sumption  of  food  and  beverages  in  woik 
areas  where  benzene  is  present;  and 

(ill)  Establishing  good  maintenance 
and  houskeeping  including  the  prompt 
cleanup  of  spills,  repair  of  leaks,  etc. 

(3)  Respiratory  projection.  Whenever 
engineering  and  w(»‘k  practice  controls 
which  can  be  instituted  are  not  sufficient 
to  reduce  exposures  to  or  below  the  per¬ 
missible  exposure  limit,  they  shall  be  used 
nontheless  to  reduce  exposurse  to  the 
lowest  practicable  level,  and  shall  be  sup¬ 
plemented  by  the  use  of  respirators  in  ac¬ 
cordance  with  paragraph  (g)  of  this 
section. 

(g)  Respirators. — (1)  Required  use. 
’The  employer  shall  assure  that  re^ira- 
tors  are  used  where  required  imder  this 
section  to  reduce  employee  exposure  to 
or  below  the  permissffile  exposure  limit, 
and  in  emergencies. 

(2)  Respirator  selection,  (i)  Where 
respirators  are  required  under  this  sec¬ 
tion,  the  employer  shall  select  and  pro¬ 
vide  the  appr(H>riate  respirator  from 
Table  I  below  and  shall  assure  that  the 
employee  uses  the  respirator  provided. 

(ii)  The  employer  shall  select  respira¬ 
tors  from  among  tliose  approved  by  the 
National  Institute  for  Occupational 
Safety  a'd  Health  imder  the  provisions 
of  30  CPR  Part  11. 


Respirator  type 

(1)  Chemical  cartridge  respirator  with  organic 
vapor  cartridges  and  half  mask:  or  (2)  Any 
supplied  air  respirator  with  half  mask. 

(1)  Chemical  cartridge  respirator  with  organic 
vapor  cartridges  and  full  facepiece;  or  (2)  Any 
supplied  air  respirator  with  full  facepiece;  or 
(2)  Any  organic  vapor  gas  mask;  or  (4)  Any 
self-contained  breathing  iq>paratus  with  full 
facepiece. 

(i)  Supplied  air  respirator  with  half  mask  In 
positive  pressure  mode. 

(i)  Supplied  air  respirator  with  full  facepiece, 
helmet,  or  hood.  In  positive  pressure  mode. 

(f)  Supplied  air  respirator  and  auxiliary  self- 
contained  facepiece  In  positive  pressure  mode; 
or  (2)  Open  circuit  self-contained  breathing 
apparatus  with  fuU  facepiece  In  positive  pres¬ 
sure  mode. 

(i)  Any  organic  vapor  gas  mask;  or  (2)  Any  self- 
contained  breathing  apparatus  with  full  face- 
piece. 


Table  I 

BESPnUTOET  PBOTECnON  rOB  BENZENE 
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(3)  Ae«p<rator  prooram.  The  employer 
shall  Institute  a  respiratory  protection 
program  in  accordance  with  i  1910.134 

(b).  (d),  (e)  and  (f). 

(4)  Where  air-purifying  respirators 
are  used  (cartridge,  canister  or  gas 
mask),  the  air-purifying  canisters  or 
cartridges  shall  be  replaced  prior  to  the 
expiratkHi  of  their  service  life  or  the  end 
ot  the  shift  in  which  they  are  first  used, 
whichever  occurs  first. 

(h)  Protective  clothing  and  equip¬ 
ment.  Where  eye  or  repeated  skin  c<m- 
tact  with  liquid  bmsene  may  occur,  em¬ 
ployers  shall  provide  and  assure  that 
emidoyees  wear  impermeable  protective 
clothing  and  appropriate  equipment  to 
protect  the  area  of  the  bo^  likely  to 
ccme  in  contact  with  liquid  bensene. 

(1)  Medical  surveillance.  (1)  Each  em¬ 
ployer  shall  make  available  a  medical 
surveillance  i»ogram  for  all  emidoyees 
who  are  or  will  be  exposed  to  benzene. 
The  medical  surveillance  program  diall 
consist 

(i)  A  history  which  includes  past  work 
exposures  to  benzene  or  any  other  hema¬ 
tologic  toxins,  a  family  history  of  hema¬ 
tological  neoplasms,  a  history  of  blood 
dyscrasias  including  gmetlci^  related 
hemoglobin  alterations,  bleeding  abnor¬ 
malities,  id>normal  fimctlon  of  formed 
blood  elements,  a  history  of  renal  or  liver 
dysfunction,  a  history  of  drugs  routindy 
taken,  alc<diolic  intake  and  sirstemlc  in¬ 
fections; 

(il)  A  complete  blood  count  including 
a  differential  vdilte  blood  cell  count;  and 

(ill)  Additional  tests  shall  be  con¬ 
ducted  where,  in  the  oidnion  of  the  ex¬ 
amining  idiyslcian,  altoiaticms  in  the 
components  of  the  blood  are  rdated  to 
benzene  exposure. 

(2)  All  medical  procedures  shall  be 
performed  by  or  under  the  supervision 
of  a  licensed  physician,  and  shall  be  pro¬ 
vided  by  the  employer  without  cost  to 
the  enmloyee. 

(3)  Medical  surveillance  and  testing 
of  each  onployee  shall  be  c<mducted 
within  thirty  days  of  the  effective  date 
of  this  sectiim.  and  quarterly  thereafter. 
If  an  employee  is  acc^oitly  or  otherwise 
exposed  to  benzene  by  ingestion,  inhala¬ 
tion,  skin  or  eye  contact,-  or  for  any 
reason,  an  emi^]^  devdops  signs  and 
symptoms  oomrmmly  associated  with  ex¬ 
posure  to  benzene,  the  employer  shall 
provide  apmoprlate  medical  examina¬ 
tions  and  emergency  treatmmt. 

(4)  Information  provided  to  the  physi¬ 
cian.  The  employer  shall  provide  the  fol¬ 
lowing  information  to  the  examining 
physician: 

(1)  A  copy  of  this  regulation  and  its 
appendixes; 

(ii)  A  description  of  the  affected  em¬ 
ployee’s  duties  as  they  relate  to  the  em¬ 
ployee’s  exposure; 

(ill)  The  emid<^ee’s  representative  ex¬ 
posure  level;  and 

(Iv)  A  descriptkm  of  any  personal  pro¬ 
tective  eqiilixnent  used  or  to  be  used. 

(5)  Physician's  written  opinion,  (i) 
The  employer  shall  9btain  a  written 
opinion  from  the  examining  physician 
which  shall  include: 


(a)  The  results  of  the  medical  test¬ 
ing; 

(b)  The  physiician’s  opinion  as  to 
whether  the  employee  has  any  detected 
medical  conditlcm  which  would  place  the 
employee  at  increased  risk  of  material 
Impairment  of  the  employee’s  health 
from  exposure  to  benzene; 

(c>  Any  recommended  limitations 
upon  the  emi^oyee’s  exposure  to  ben¬ 
zene  or  uixm  the  use  of  protective  cloth¬ 
ing  and  equipment  such  as  respirators; 
and 

(d)  A  statement  that  the  onployee  has 
been  informed  by  the  physician  of  any 
medical  conditions  which  require  further 
examination  or  treatment. 

(ii)  The  emploirer  shall  instruct  the 
physician  not  to  reveal  in  the  written 
op^<m  specific  findings  diagnoses  un¬ 
related  to  occupational  exposiue. 

(J)  Employee  information  and  train¬ 
ing. — (1)  Training  program.  Within  fif¬ 
teen  days  of  the  effective  date  of  this  sec¬ 
tion,  the  emirioyer  shall  provide  a  train¬ 
ing  program  for  employees  assigned  to 
woricidace  areas  ahere  benzend  is  present 
and  shall  assure  that  each  affect^  em¬ 
ployee  is  informed  of  the  following: 

(1)  The  information  contained  in  the 
substance  data  sheet  for  benzene  which 
is  ccmtained  in  Appendix  A  of  this  sec¬ 
tion; 

(ii)  The  quantity,  location,  manner  of 
use,  release  or  storage  of  benzene  and 
the  specific  nature  of  operaticms  which 
could  result  in  exposure  above  the  per¬ 
missible  exposure  limit,  as  well  as  nec¬ 
essary  protective  steps; 

(ill)  The  purpose,  proper  use,  and  lim- 
itatkm  of  req;>iratory  devices  as  specified 
in  i  1910.134; 

(iv)  The  purpose  and  a  description  of 
the  medical  testing  program  required  by 
paragrai^  (i)  of  this  section  and  the 
informaticm  contained  in  Appendix  C 
of  this  section;  and 

(v)  The  contents  of  this  standard. 

(2)  Access  to  training  materials,  (i) 
The  employer  shall  make  a  copy  of  this 
standard  and  its  an?endixes  readily 
available  to  all  affected  employees. 

(ii)  The  employer  shall  provide,  up<m 
request,  all  materials  relating  to  the  em- 
ploiree  Informatlcm  and  training  program 
to  the  Assistant  Secretary  and  the  Di¬ 
rector. 

(k)  Signs.  (1)  The  employer  shall  poet 
signs  to  clearly  designate  all  woiic  areas 
where  benzene  may  be  present,  bearing 
the  legend: 

CANGffiR 
BBNznns 
CANCER  HAZARD 

(2)  Where  the  permissible  exposure 
limit  is  exceeded,  the  signs  shall  also  in¬ 
clude  the  legend:  Respirator  required. 

(3)  The  employer  shall  assure  that  no 
statement  iq;>pear  (m  or  near  any  re¬ 
quired  sign  which  contradicts  or  detracts 
from  the  required  information. 

(l)  Recordkeeping. — (1)  Exposure 
measurements.  The  onployer  shall  estab¬ 
lish  and  maintain  an  accurate  record  ot 
all  measurements  required  by  pcu'agraph 
(e)  of  this  secticm. 


(1)  This  record  shall  include: 

(a)  The  dates,  number,  duratkm  and 
results  of  each  of  the  samples  taken, 
including  a  description  of  the  sampling 
procedure  used  to  determine  representa¬ 
tive  employee  exposures; 

(b)  A  description  of  the  sampling  and 
analytical  methods  used; 

(c)  Type  of  respiratory  protective  de¬ 
vices  worn,  if  any;  and 

(d)  Name,  social  security  number,  and 
Job  classification  of  the  employee  moni¬ 
tored  and  all  other  employees  whose  ex¬ 
posure  the  measurement  is  intended  to 
represent. 

(il)  This  record  shall  be  maintained 
during  the  effective  period  of  this  section. 

(2)  Medical  surveillance.  The  employer 
shall  establish  and  maintain  an  accurate 
recOTd  for  each  employee  subject  to  med¬ 
ical  surveillance  as  required  by  para- 
gnwh  (i)  of  this  section. 

(1)  This  record  shall  include: 

(a)  A  copy  of  the  physician’s  written 
opinion; 

(b)  Any  employee  medical  complaints 
related  to  exposure  to  benzene;  and 

(c)  A  copy  of  the  information  pro¬ 
vided  to  the  physician  as  reqxiired  by 
paragraph  (i)  (4)  of  this  section; 

(ii)  This  record  shall  be  maintained 
during  the  effective  period  of  this  section. 

(3)  Availability,  (i)  All  records  re¬ 
quired  to  be  maintained  by  this  section 
shall  be  made  available  upon  request  to 
the  Assistant  Secretary  and  the  Director 
for  examination  and  copying. 

(il)  Employee  exposure  measurttnent 
records  as  reouired  by  this  section  shall 
be  made  available  for  examination  and 
copying  to  affected  employees,  and  their 
designated  r^resentatives. 

(ill)  Former  employees  and  the  em¬ 
ployees’  designated  representatives  shall 
have  access  to  such  records  as  will  in¬ 
dicate  their  own  exposure  to  benzene. 

(iv)  Employee  medical  records  re¬ 
quired  to  be  maintained  by  this  section 
shall  be  made  available  up<m  request 
for  examination  and  copying  to  a  physi¬ 
cian  designated  by  the  affected  em¬ 
ployee  or  former  onployee. 

(m)  Observation  of  monitoring. — (1) 
Employee  observation.  The  employer 
shall  provide  affected  employees,  or  their 
designated  representatives,  an  opportu¬ 
nity  to  observe  any  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzene 
conducted  piirsuant  to  paragraph  (e)  of 
this  section.  ^ 

(2)  Observation  procedures.  (1)  When 
observatl<m  of  the  measuring  or  moni¬ 
toring  of  employee  exposure  to  benzene 
requires  entry  into  an  area  where  the 
use  of  protective  clothing  and  equip¬ 
ment  or  respirators  is  required,  the  em¬ 
ployer  shall  provide  the  observer  with 
personal  protective  devices  required  to 
be  wmn  by  employees  working  in  the 
area,  assure  the  use  of  such  equipment, 
and  require  the  observer  to  comply  with 
all  other  {mpUcable  safety  and  health 
procedures. 

(il)  Without  Interfering  with  the 
measurement,  observers  shall  be  entitled 
to: 
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(a)  Receive  an  explanaticm  of  the 
meaeurement  procedures; 

(b)  Observe  all  steps  related  to  the 
measiu’ement  of  airborne  concentrations 
of  benzene  performed  at  the  place  of  ex¬ 
posure;  and 

(c)  Record  the  results  obtained. 

(n)  Effective  date:  This  section  shall 
become  effective  May  21, 1977. 

(o)  Appendixes.  The  informaticm  con¬ 
tained  in  the  appendixes  is  not  intended, 
by  itself,  to  create  any  additional  obliga- 
ti(»is  not  otherwise  innxised  or  to  detract 
from  any  existing  obligation. 

X.  SUBSTANCI  IDXimnCATION 
Appendix  A — Substance  Sapett  Data  Sheet 

BENZENE 

A.  Substance.  Benzene. 

B.  Permissible  Exposure.  Except  as  to  retaU 
gasoline  stations  and  operations  which  use 
liquids  containing  benzene  in  amounts 
greater  than  1%  by  volume,  or  the  benzene 
vapor  released  by  any  such  liquids. 

1.  Airborne.  1  part  of  benzene  vapor  per 
miUlon  parts  of  air  (1  ppm);  time- weighted 
average  (TWA)  for  an  8-hour  workday  for 
a  40-hour  week,  with  a  celling  concentration 
of  S  ppm. 

2.  Dermal.  Bye  contact  and  repeated  skin 
contact  with  liquid  benzene  shall  be  pro¬ 
hibited. 

C.  Appearartce  and  odor.  Benzene  Is  a  clear, 
colorless  liquid  with  a  pleasant,  sweet  odor. 
The  odor  of  benzene  does  not  provide  ade¬ 
quate  warning  of  Its  harzard. 

XI.  HEALTH  HAZAKD  DATA 

A.  Ways  in  which  the  benzene  affects  your 
health.  Benzene  can  affect  your  health  If  you 
Inhale  It.  or  If  It  comes  In  contact  with  your 
skin  or  eyes.  Benzene  may  also  be  harmful 
If  you  hiqipen  to  swallow  It. 

B.  Effects  of  overexposure.  1.  Short-term 
(acute)  overexposure:  If  you  are  overex¬ 
posed  to  high  concentrations  of  benzene, 
weU  above  the  levels  where  Its  odors  are 
first  recognizable,  you  may  teei  breathless. 
Irritable,  euphoric,  or  giddy;  you  may  ex¬ 
perience  Irritation  In  eyes,  nose,  and  respira¬ 
tory  tract.  Tou  may  devrtc^  a  headache, 
feel  dizzy,  nauseous,  or  experience  unsteadi¬ 
ness  In  walking.  Severe  exposures  may  lead 
to  convulsions. 

2.  Long-term  (chronic)  expos\ire:  Re¬ 
peated  and  prolonged  exposure  of  benzene 
may  cause  headache,  fatigue,  exhaustion, 
tendency  to  bleed,  nervousness,  sleepless¬ 
ness,  shortness  of  breath,  and  serious  blood 
dlsordm.  Including  leukembi. 

in.  PBOTECTIVX  CLOTHING  AND  EQUIPKENT 

A.  Respirators.  Respirators  are  reqxUred  for 
those  operations  In  which  engineering  con¬ 
trols  or  work  iHuctlce  controls  are  not  avail¬ 
able  to  reduce  exposure  to  the  permissible 
level.  If  respirators  are  worn,  they  must  have 
a  National  Institute  for  Occupational  Safety 
and  Health  (NI06H)  seal  of  approval.  If  you 
experience  dUBciilty  breathing  while  wear¬ 
ing  a  respirator,  Ml  your  employer. 

B.  Protective  Clothing.  Tou  must  wear  Im- 
powlous  protective  clothing  (such  as  boots, 
gloves,  sleeves,  aprons,  etc.)  over  any  parts 
ot  your  body  that  could  be  repeatedly  ex- 
posM  to  liquid  benzene. 

C.  Eye  and  Face  Protection.  You  must 
wear  qjlash  iHOOf  safety  goggles  If  It  Is 
possible  that  benzene  may  get  Into  your 
eyes.  In  addltlcm,  you  should  wear  a  face 
^eld  If  your  face  could  be  splashed  irlth 
benzene  liquid. 


IV.  EMEEGENCT  AND  IIBST  AID  PBOCEDX7RES 

A.  Eye  and  face  exposure.  If  benzene  is 
splashed  In  your  eyes,  wash  It  out  Immedi¬ 
ately  with  large  amounts  of  water.  Call  a 
doctor  as  soon  as  posslMe. 

B.  Skin  exposure.  If  benzene  is  filled  on 
your  clothing  or  skin,  remove  the  con¬ 
taminated  clotnlng  and  wash  the  exposed 
skin  wKh  large  amounts  of  water  and  soap 
Immediately.  Wash  contaminated  clothing 
before  you  wear  It  again. 

O.  Breathing.  If  you  or  any  ether  person 
breathes  In  large  anumnts  of  benzene,  get 
the  exposed  person  to  fresh  air  at  once. 
Apply  artificial  respiration  If  breathing  has 
supped.  Call  a  doctor  as  soon  as  possible. 

D.  Swallowing.  It  benzene  has  been  swal¬ 
lowed  and  the  patient  is  consclotis,  do  not 
induce  vomiting.  Call  a  doctor  Inunedlately. 

V.  MEDICAL  BEQUIREMENTS 

If  you  are  exposed  to  benzene  yoiur  em¬ 
ployer  Is  required  to  provide  the  following 
medical  procedures  within  thirty  days  of  the 
effective  date  of  this  standard,  consisting  of 
a  medical  history  and  laboratory  tests.  These 
tests  shall  be  provided  without  cost  to  you. 

VIL  OBSEBVATTON  OF  MONITOEINO 

Your  employer  Is  required  to  perform 
measurements  that  are  representative  of 
your  exposure  to  benzene  and  you  are  en¬ 
titled  to  observe  the  monitoring  procedure. 
You  are  entitled  to  receive  an  explanation 
of  the  measiirement  procediure,  observe  the 
steps  taken  In  the  measurement  procedure, 
and  to  record  the  results  obtained.  When  the 
monitoring  procedure  Is  taking  place  In  an 
area  where  respirators  or  personal  protective 
clothing  and  equipment  are  required  to  be 
worn,  you  must  also  be  provided  with,  and 
m\ut  wear  the  protective  clothing  and 
equipment. 

Vin.  ACCESS  TO  RECOBDS 

You  or  your  representative  are  entitled  to 
see  the  records  of  measurements  of  your  ex¬ 
posure  to  benzene  upon  request  to  your  em¬ 
ployer.  Your  medical  examination  records 
can  be  furnished  to  your  physician  upon  re¬ 
quest  to  yoiu:  employer. 

IX.  PBECAUnONS  FDR  SAFE  USE,  HANDLINO  AND 
STORAGE 

Benzene  liquid  is  highly  flammable.  It 
should  be  stored  In  tightly  closed  containers 
In  a  coefi,  well  ventilated  area.  Benzene  vapor 
may  form  explosive  mixtures  In  air.  All 
sources  of  Ignition  must  be  controlled.  You 
should  use  non-sparking  tools  when  opening 
or  closing  benzene  containers.  You  must 
ground  or  bond  metal  benzene  containers. 
Fire  extinguishers,  where  provided,  must  be 
readily  available  and  you  should  know  where 
they  ate  located  and  how  to  operate  them. 
Smoking  Is  prohibited  In  areas  where  ben¬ 
zene  is  used  or  stored.  Ask  your  supervisor 
where  benzene  Is  used  on  your  work  lU'ea  and 
for  additional  plant  ssffety  niles. 

Appendix  B — Substance  technical 
Guidelines 

BENZENE 

L  PHYSICAL  AND  CHEMICAL  DATA 

A.  Substance  Identification 

1.  Synonyms.  Benzol,  benzole,  coal  naptha, 
cyclohexatrlene,  phene,  phenyl  hydride,  py- 
robenzol.  (Benzln,  petroleum  benzln,  and 
benzine,  do  not  contain  benzene). 

2.  Formula.  CSB6  (CAS  Registty  Number: 
000071432) 

B.  Physical  DaU 

1.  Bolling  point  (760  nun  Hg) :  80.1  C 
(176F). 


2.  i^ieclfic  Gravity  (water=l)  :0B70. 

3.  VaptN  Density  (alr=l)  :2.7. 

4.  Melting  Point:  6/5  C  (42F) . 

6.  Vapor  Pressure  at  20  C  (6W)  :75  nim  Hg. 

6.  Solubility  In  Water:  .06%. 

7.  Evaporation  Rate  (ether =1)  :2.e. 

8.  Appearance  and  Odor:  Clear,  colorless 
liquid  with  a  distinctive  sweet  odor. 

n.  FIRE,  EXPLOSION  AND  REACTTVITT  HAZARD 
DATA 

A.  Fire.  1.  Flash  Point  (closed  cup) :  —11  C 
(12F). 

2.  Autolgnltlon  Temperature:  680  C 
(1076F). 

3.  Flanunable  Limits  In  Air,  %  by  Volume: 
Lower:  1.3%  Upper:  7.1%. 

4.  Extinguishing  Media:  (Carbon  dioxide, 
dry  chemical,  or  foam. 

6.  Speclcd  Flre-Plghtlng  Procedures:  Do  not 
use  solid  stream  of  water,  since  stream  will 
scatter  and  spread  fire.  Water  spray  can  be 
used  to  keep  fire  exposed  containers  cool. 

6.  Unusual  fire  and  explosion  hazards: 
Benzene  Is  a  flammable  liquid.  Its  vapors 
can  form  explosive  mixtures.  All  Ignition 
sources  must  be  controlled  when  benzene 
Is  used,  bandied,  or  stored.  Where  liquid  or 
vapor  may  be  released,  such  areaq  shall  be 
considered  as  hazardous  locations.  Benzene 
vapors  are  heavier  than  air;  thiu  the  viqxxrs 
may  travel  along  the  ground  and  be  Ignited 
by  open  flames  or  sparks  at  locations  remote 
from  the  site  at  which  benzene  Is  handled. 

7.  Benzene  is  classified  as  a  1  B  flammable 
liquid  for  the  purpose  of  conforming  to  the 
requirements  of  29  CFR  1910.106.  A  concen¬ 
tration  exceeding  3250  ppm  Is  considered  a 
potential  fire  or  explosion  hazard.  Locations 
where  benzene  may  be  present  In  quantities 
sufficient  to  produce  explosive  or  Ignltable 
mixtures  are  considered  Class  1  Group  D  for 
the  purposes  of  conforming  to  the  require¬ 
ment  of  29  CFR  1910.309. 

B.  Reactivity.  1.  Conditions  contributing 
to  instability:  Heat. 

2.  Incompatibility:  Heat  and  oxidizing 
materials. 

3.  Hazardous  decomposition  products: 
Toxic  gases  and  vapors  (such  as  carbon 
monoxide) . 

m.  SPILL  AND  LEAK  PROCEDURES 

A.  Steps  to  be  taken  if  the  material  is  re¬ 
leased  or  spilled.  Large  amounts  of  water 
should  be  used  to  flush  the  spills.  Do  not 
flush  benzene  Into  confined  space,  such  as 
a  sewer,  because  of  explosion  danger.  Re¬ 
move  all  Ignition  sources.  Ventilate  enclosed 
places. 

B.  Waste  Disposal  Method.  Disposal  meth¬ 
ods  must  conform  to  other  Jurisdictional 
regulations.  If  allowed,  benzene  may  be  dis¬ 
posed  of:  (a)  By  absorbing  It  In  dry  sand  or 
earth  and  disposing  In  a  sanitary  land  fill; 
(b)  If  small  quantities,  by  removing  It  to  a 
safe  location  from  buildings  or  other  com¬ 
bustible  sources,  pouring  It  in  dry  sand  or 
earth  and  cautiously  igniting  It;  (c)  If  large 
quantities,  by  atomizing  It  In  a  suitable 
combustion  chamber. 

iv.  MONITORING  AND  MEASUREMENT 
PROCEDURES 

A.  Normal  Monitoring  Program:  Measure¬ 
ments  taken  for  the  purpose  of  determining 
employee  exposure  are  best  taken  such  that 
the  representlve  average  8-hour  exposure 
may  be  determined  from  a  single  8-bour 
sample  or  two  (2)  4-bour  samples.  Short- 
time  Interval  samples  (or  grab  samples)  may 
also  be  used  to  determine  average  exposure 
level  If  a  minimum  of  five  (5)  measurements 
Is  taken  In  a  random  manner  over  the  8-hour 
work  shift.  Random  sampling  means  that 
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any  portion  of  tha  work  ahlft  has  the  same 
chance  of  being  sampled  as  any  other.  The 
arithmetic  average  of  all  such  random 
samples  taken  on  one  (1)  work  shift  Is  an 
estimate  of  an  employee’s  average  level  of 
exposure  for  that  work  ahlft.  NIOSH  recom¬ 
mends  that  samples  be  collected  at  a  sam¬ 
pling  rate  of  one  liter  per  minute  for  a  mini¬ 
mum  of  two  hours.  Air  samples  shoiild  be 
taken  In  the  employee's  breathing  xone  (air 
that  would  nearly  represent  that  Inhaled  by 
the  employee) .  Sampling  and  analysis  should 
be  performed  by  gas  absorption  tubes  with 
suteequent  chemical  analysis,  by  gas 
chromatography  of  those  areas  most  likely 
to  represent  the  highest  alrbOTne  concen¬ 
tration  of  benzene  where  employees  are 
exposed.  Methods  meeting  the  prescribed 
accuracy  and  precision  requirements  are 
available  In  the  “NIOSH  Manual  of  Analyt¬ 
ical  Methods." 

V.  MISCXLLAITXOUS  PSXCAUTIONS 

A.  High  Exposures  to  benzene  can  occur 
when  transferring  the  liquid  from  one  con¬ 
tainer  to  another.  Such  operations  should  be 
well  ventilated  and  good  work  practices 
should  be  established  to  avoid  spills. 

B.  Non-sparking  tools  should  be  used  to 
open  benzene  containers  which  should  be 
effectively  grounded  and  bonded  prior  to 
opening  and  pouring. 

C.  Employers  should  advise  employees  of 
all  plant  areas  and  operations  where  ex¬ 
posure  to  benzene  could  occtir.  A  few  of  the 
common  operations  In  which  high  exposures 
to  benzene  may  be  encountered  are:  numu- 
facture  of  styrene,  phenol,  cyclohexane,  pes¬ 
ticides,  and  detergents. 

Appzhdix  C — Medical  SuavniXANCz 
auiDCLiMXB  los  Benzene 

I.  Boxnx  or  entet 

Inhalation;  possible  skin  absorption, 
n.  TOXICOUMT 

Benzene  Is  primarily  an  Inhalation  haz¬ 
ard.  Systemic  absorption  cause  depression  of 
the  hematopoietic  system.  Inhalation  of  high 
concentrations  can  affect  the  central  nerv¬ 
ous  system  ftmctlon.  Aspiration  of  small 
amounts  of  liquid  benzene  Immediately 
causes  pulmonary  edema  and  hemorrhage  of 
pulmonary  tissue.  Skin  absorption  through 
Intact  skin  Is  negligible.  However,  absorp¬ 
tion  will  be  accelerated  In  the  case  of  in¬ 
jured  skin,  and  benzene  may  be  more  readily 
absorbed  If  It  Is  present  In  a  mixture  or  as 
a  contaminate  In  solvents  which  are  readily 
absorbed.  Defatting  action  of  benzene  may 
produce  primary  irritation  upon  repeated  or 
prolonged  contact  with  the  akin.  High  o(»- 
centratlons  are  Irritating  to  the  mucous 
membranes  of  the  eyes,  nose,  and  respiratory 
tract. 


m.  SIGNS  AND  STICPTOMS 

Benzene  is  poorly  absorbed  through  the 
skin,  however,  direct  contact  may  cause 
erythema  or  blistering.  Repeated  or  pro¬ 
longed  contact  may  result  In  drying,  scaling, 
dermatitis,  or  precipitate  development  of 
secondary  skin  Infections  Local  effects  of 
benaene  vapor  or  liquid  on  the  eye  are  slight. 
Only  at  very  high  concentrations  Is  there 
any  smarting  sensation  In  the  eye.  Droplet 
contamination  of  the  eye  by  benzene  causes 
a  moderate  burning  sensation,  but  only 
slight  transient  Injury  of  the  epithelial  cell, 
with  the  eye  recovering  rapidly.  Inhalation 
of  high  concentrations  of  benzene  may  have 
an  initial  stimulatory  effect  on  the  central 
nervous  system  characterized  by  exhilaration, 
nervous  excitation,  and/or  giddiness,  fol¬ 
lowed  by  a  period  of  depression,  drowsiness, 
fatigue,  or  vertigo.  There  may  be  sensation 
of  tightness  In  the  chest  accompanied  by 
breathlessness  and  ultimately  the  victim 
may  lose  consciousness.  Convulsions  and 
tremors  occur  frequently,  and  death  may 
follow  from  respiratory  paralysis  or  circula¬ 
tory  collapse  In  a  few  minutes  to  several 
hours  following  severe  exposures,  llie  Insid¬ 
ious  and  often  Irreversible  effect  on  the 
blood-forming  system  of  prolonged  exposure 
to  small  quantities  of  benzene  vapor  Is  of 
extreme  Impwtance.  These  effects  have  been 
noted  to  occur  at  concentrations  of  benzene 
which  may  not  cause  Irritation  of  mucous 
membranes,  or  any  unpleasant  sensory  ef¬ 
fects.  Early  signs  and  symptoms  of  benzene 
morbidity  are  varied  and  vague,  and  not 
specific  for  benzene  exposure.  Subjective 
complaints  of  headache,  dizziness,  and  loss 
of  appetite  may  precede  or  procede  clinical 
symptomology.  Bleeding  from  the  nose, 
gums,  or  mucous  membranes  and  the  devel¬ 
opment  of  purpuric  spots  may  occur  as  the 
condition  progresses.  Rapid  pulse  and  low 
blood  pressure  In  addition  to  a  physical  ap¬ 
pearance  of  anemia  may  accompany  a  sub¬ 
jective  complaint  of  shortness  of  breath. 
Clinical  evidence  of  leuoopenla  and  anemia 
are  the  most  common  abnormalities  re¬ 
ported,  however,  macrocytosis  and  thrombo¬ 
cytopenia  are  also  frequently  present.  Bone 
marrow  may  appear  normal,  aplastic,  or  hy¬ 
perplastic  and  may  not  In  all  situations  cor¬ 
relate  with  peripheral  blood  findings  Indi¬ 
cating  hypo-hyper-actlvlty  of  blood  forming 
tissues,  'niere  are  great  variations  In  the 
susceptibility  to  benzene  morbidity  which 
prohibits  the  Identification  of  “typical" 
blood  picture.  The  effects  of  prolonged  ben¬ 
zene  exposure  may  appear  after  several 
weeks  or  years  after  the  actual  exposure  has 
ceased.  Development  of  leukemia  also  re¬ 
sults  from  exposure  to  benzene. 

IV.  TaEATMENT 

Remove  from  exposure  Immediately,  give 
oxygen  or  artificial  resuscitation  If  Indicated. 
Flush  eyes  and  wash  contaminated  skin. 


Symptoms  of  non-specific  nervous  disturb¬ 
ances  may  persist  following  severe  exposures. 
Recovery  from  mild  exposures  Is  usually 
rapid  and  complete. 

V.  StntVEILLANCX  AND  rSEVENTTVE 
CONSmEEATIONS 

A.  other  cofulderattoru.'Benzene  can  cause 
both  acute  and  chronic  effects.  It  Is  Impor¬ 
tant  that  the  physician  become  familiar  with 
the  operating  conditions  In  which  exposure 
to  benzene  occurs.  Those  with  skin  disease 
may  not  tolerate  the  wearing  of  protective 
clothing  and  those  with  chronic  respiratory 
disease  may  not  tolerate  the  wearing  of  nega¬ 
tive  pressure  respirators. 

B.  Surveillance  and  screening.  Medical  his¬ 
tories  and  laboratory  examinations  are  re¬ 
quired  for  each  employee  subject  to  exposure 
to  benzene.  The  employer  must  screen  em¬ 
ployees  for  history  of  certain  medical  condi¬ 
tions  (listed  below)  which  might  place  the 
employee  at  Increased  risk  from  exposure. 

1.  Liver  disease.  The  primary  site  of  blo- 
transformatlon  and  detoxification  of  benzene 
Is  the  llvOT.  Liver  dysfunctions  likely  to  In¬ 
hibit  the  conjugation  reactions  will  tend  to 
promote  the  toxic  actions  of  benzene.  These 
precautions  should  be  considered  before  ex¬ 
posing  persons  with  Impaired  liver  function 
to  benzene  vapors. 

a.  Renal  disease.  Although  benzene  is  not 
known  as  a  kidney  toxin  the  Importance  of 
the  organ  In  the  elimination  of  toxic  sub¬ 
stances  and  metabolites  Justifies  special  con¬ 
sideration  In  those  with  possible  Impairment 
of  renal  function. 

3.  Skin  disease.  Benzene  Is  a  defatting 
agent  and  can  cause  dermatitis  on  prolonged 
exposure.  Persons  with  preexisting  skin  dis¬ 
orders  may  be  more  susceptible  to  the  effects 
of  benzene. 

4.  Blood  dyscrasias.  Benzene  Is  a  hema¬ 
topoietic  depressant.  Persons  with  existing 
blood  disorders  may  be  more  susceptible  to 
the  effects  of  benzene. 
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